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Overview 
This three-year Doctoral Thesis was completed as partial fulfillment of the degree of 
Doctor of Clinical Dentistry (Orthodontics). The research was conducted between January 
2018 and August 2020 in the Department of Oral Sciences, Discipline of Orthodontics, 
University of Otago, New Zealand. This project is presented as five chapters in a hybrid 
thesis format. 
Chapter 1 – Review of the literature 
This chapter discusses the long-debated effect of orthodontic treatment on the facial soft-
tissues. Recent advances in facial and soft-tissue assessment that have the potential to 
bolster current research on the topic are described. 
Chapter 2 – Soft-Tissue Properties of an Untreated Orthodontic Sample 
This chapter investigates the peri-oral soft-tissue biomechanics of an untreated orthodontic 
sample and the relationship between patient and clinical factors. 
Chapter 3 - Three-Dimensional Perioral Changes following Incisor Retraction with Premolar 
Extraction – A Proof of Concept Study 
This chapter investigates the effect of orthodontic extractions and incisor retraction on the 
face in three dimensions. The effect of peri-oral biomechanics on the extent and pattern 
of facial changes is also discussed. 
Chapter 4 – General Discussion 
Chapter 5 – References 
Chapter 6 – Appendices 
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Extraction as a means to relieve crowding and camouflage dento-skeletal discrepancies has 
been integral to orthodontic treatment planning for over a century. Non-surgical 
camouflage of dental protrusion often relies on successful anterior retraction as a means 
to obtain an acceptable overjet and facial profile (Wholley & Woods, 2003). Although 
incisor retraction occurs in both extraction and non-extraction treatment philosophies, the 
increased space available for potential over-retraction created by premolar extractions has 
fostered a general wariness toward orthodontic extractions among the public, general 
practitioners and orthodontic practitioners alike (Ackerman et al., 1999; Hodgkinson et al., 
2019; Sarver & Ackerman, 2000). 
The aesthetic effects associated with orthodontic extractions have long been debated 
among clinicians. In the early 20th Century, Angle’s overarching treatment philosophy saw 
a steep decline in extraction treatment due to the belief that ideal facial aesthetics were 
driven by a full complement of teeth. Issues with relapse from the Angle era saw a rise in 
orthodontic extractions under the Tweed Philosophy in the 1960’s, when treatment 
modalities focused on maximum posterior anchorage to obtain specific occlusal goals with 
little attention paid to overall facial aesthetics (Hodgkinson et al., 2019; Proffit, 1994; Tweed, 
1936). Concurrently, the advent of Lateral Cephalometry greatly advanced hard-tissue 
analysis, leading to the development of objective hard-tissue treatment goals (Ackerman et 
al., 1999). In the 1970's it became apparent that the public preferred a fuller profile, leading 
to the definition and criticism of the ‘orthodontic look,' which was characterised as having 
a flattened, retrusive soft-tissue profile with a ‘dished-in’ appearance (Drobocky & Smith, 
1989; Moseling & Woods, 2004; Paquette et al., 1992; Park & Burstone, 1986). Despite the 
lack of supporting evidence, the prevalence of orthodontic extractions continues to decline 
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as many advances are established to avoid extraction wherever possible (Jackson et al., 
2017; Paquette et al., 1992; Proffit, 1994). The fluctuation in attitude towards orthodontic 
extractions over the last century reflects the weak evidence to support either treatment. 
Despite over 100 years of debate and many attempts to quantify the effect of extraction 
on the soft-tissue profile, we still do not have a clear consensus on this controversial topic. 
1.2 Orthodontics and Facial Aesthetics 
Patients who seek orthodontic treatment often anticipate improvement of their 
appearance. It is, therefore, important that the aesthetic goals set by the orthodontist be 
driven by the patient's ideals (Hayashida et al., 2011; Kuhn et al., 2016; Peck & Peck, 1970). 
Although the patient's ability to recognise what constitutes beauty is innate, the translation 
of these ideals into objective treatment goals poses a challenge (Arnett & Bergman, 1993b; 
Wholley & Woods, 2003). The overall aesthetic value of a face is a result of the complex 
interaction between the dentition, bony structures, and soft-tissues (Cotofana et al., 2016; 
Rains & Nanda, 1982). An unlimited combination of these factors may result in a beautiful 
face, and the overall aesthetic value is based on individual preferences and influenced by 
cultural settings (Arnett & Bergman, 1993b; Peck & Peck, 1970). Because the soft-tissue 
integument varies so considerably between individuals, it is an elusive entity to measure or 
classify. The aesthetic value of a face can either be assessed in terms of objective 
proportionality or subjective harmony; therefore, when treatment planning based on a 
patient’s soft-tissue result, general guidelines should be respected rather than rigid rules 
applied (Peck & Peck, 1970; Sarver & Ackerman, 2000). The soft-tissue paradigm shift of 
recent years has placed priority on the soft-tissue outcome over the hard-tissue result of 
treatment, creating a dilemma when the dentition indicates a particular form of treatment, 
but the face does not (Ackerman et al., 1999; Hodgkinson et al., 2019; Sarver & Ackerman, 
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2000; Staggers, 1990). It is recognised than in cases of skeletal disharmony, occlusal 
correction may negatively affect soft-tissues, and surgical correction is the gold-standard. 
The surgical option introduces increased financial burden and morbidity risk to the patient 
and may not be accessible or readily accepted (Arnett & Bergman, 1993a). 
1.3 Assessment of Facial Soft-Tissues 
The treatment planning of an orthodontic case must take into account both occlusal 
correction and any potential change of the facial soft-tissues (Arnett & Bergman, 1993b). 
In order to evaluate soft-tissue behaviour in response to hard-tissue alteration, an 
understanding of their pre-existing relationship is required (Yogosawa, 1990). An initial 
examination of the facial soft-tissues clinically and radiographically can help to identify 
predictors for potential detrimental aesthetic effects of planned orthodontic movement, 
and will enhance the diagnosis, planning, treatment, and quality of the result (Arnett & 
Bergman, 1993b). Furthermore, initial soft-tissue assessment allows for the establishment 
of individualised aesthetic goals, which guide treatment and allow for reassessment during 
and at the end of treatment (Arnett & Bergman, 1993b). 
1.3.1 Two-Dimensional (2D) Radiographic Assessment 
Historical treatment protocols have relied on the significant assumption that treating to 
hard-tissue norms will naturally result in a pleasing soft-tissue result. Cephalometric 
radiography traditionally focused on the measurement and predicted changes of hard-tissue 
points, a relatively objective and straightforward procedure. The limitations of 
cephalometric data are well documented in the literature, particularly with regard to the 
reliability and validity (Baumrind & Frantz, 1971a, 1971b; Houston, 1983). Following the 
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paradigm shift to soft-tissue treatment planning, a heavy reliance on cephalometric 
radiography to also record and assess the soft-tissues has ensued. Various methods of 
cephalometric soft-tissue analyses have been proposed, from Down’s analysis, to Ricketts’ 
E-Line, Holdaway’s H-Line, and Merrifield’s Z-Angle (Downs, 1952; Holdaway, 1983, 1984; 
Merrifield, 1966; Ricketts, 1960). Using a rigid set of cephalometric norms in the same way 
skeletal and dental tissues are classified to assess the infinitely variable soft-tissues is 
inappropriate (Brock et al., 2005; Holdaway, 1983). It must also be recognised that since 
soft-tissues are not fixed structures, the reliability of cephalometric soft-tissue 
measurements are heavily dependent on head and lip posture (Arnett & Bergman, 1993b). 
Another major limitation of the use of cephalometric radiography to assess soft-tissue 
aesthetics is that it only evaluates the profile, which has been suggested to be of less 
importance than the frontal view aesthetics (Ackerman et al., 1999; Sarver & Ackerman, 
2000; Solem et al., 2013). Radiographic information alone is inadequate in soft-tissue 
diagnosis and planning and must be correlated to clinical observation (Rains & Nanda, 
1982). 
1.3.2 Clinical Assessment 
The main advantages of a clinical assessment is that it can assess dynamic structures in 
motion, and can focus on areas that are not assessable cephalometrically, particularly the 
frontal soft-tissues and smile (Arnett & Bergman, 1993b). Although the extra-oral 
examination should take into account the face as a whole, there must be a particular focus 
on the lower one-third, which is critical in orthodontics (Arnett & Bergman, 1993a). The 
past emphasis on radiography is in part due to the difficulty in objectively measuring soft-
tissues clinically (Arnett & Bergman, 1993b). In an attempt to standardise the clinical 
assessment of soft-tissues, Arnett has proposed 19 key facial traits from which to give an 
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overall view of the patient’s pre-existing form (Arnett & Bergman, 1993a, 1993b). To 
ensure consistency and reliability, the clinical assessment should be done in neutral head 
position, centric relation, and with relaxed soft-tissues (Arnett & Bergman, 1993b; Arnett 
et al., 1999). It is however recognised that relaxed lip posture itself does not have the same 
degree of reproducibility as rigid structures, and the reproducibility of the natural head 
position has been reported to vary (Bister et al., 2002; Burstone, 1967; Cooke and Wei, 
1988; Luyk et al., 1986).  
1.3.3 Three Dimensional (3D) Assessment 
Three dimensional (3D) facial imaging aims to enhance the clinical assessment of the face, 
while also allowing for objective measurement. 3D stereophotogrammetry is an advance 
in 3D facial registration technology that is faster, less bulky, and safer than more traditional 
laser facial scanners, and without the radiation exposure of cone beam computed 
tomography (Islam et al., 2015; Weinberg & Kolar, 2005). It allows for both landmark-based 
3D assessment, or comparison to facial averages using both linear and volumetric analyses 
(Souccar & Kau, 2012). The 3dMD surface imaging system is one of the fastest capturing 
devices available, a distinct advantage, as movement of the participant may alter the 
accuracy of results (Tzou et al., 2014). 3dMD technology has been shown in the literature 
to be accurate and precise enough for use in craniofacial research and clinical applications, 
even when compared to direct anthropometry (Aldridge et al., 2005; Baysal et al., 2016; 
Dindaroğlu et al., 2016; Weinberg et al., 2006; Weinberg et al., 2004). The technology is 
not without limitations, the most notable of which are errors in point location and artefact 
due to surface textures, particularly that of hair and reflective surfaces (Heike et al., 2010). 
Current literature is evolving to establish age and ethnicity specific 3D facial norms, just as 
there are norms for 2D cephalometric analyses (Islam et al., 2015). Post-processing 
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techniques can reduce errors in registration substantially, and any inter- or intra-examiner 
differences in point location, although occasionally statistically significant, are not often 
clinically significant (Baysal et al., 2016; Catherwood et al., 2015; Dindaroğlu et al., 2016). 
Landmark identification accuracy is increased when landmarks of interest are physically 
marked on the participant’s face prior to imaging, particularly for soft-tissue points without 
distinct edges (Aynechi et al, 2011). The most accurate way to register, or match 3D images 
is by applying iterative closest proximity (ICP) algorithms for surface-based registration 
(Maal et al., 2010). 
1.3.4 Assessment of Intrinsic Soft-Tissue Properties 
Many of the studies investigating the soft-tissue response to extraction treatment 
hypothesise that inherent soft-tissue properties are responsible for the wide variation of 
soft-tissue outcomes (Ho et al, 1982; Moseling & Woods, 2004; Omar et al., 2018; Park & 
Burstone, 1986). Although the morphology of the lips has been studied extensively in the 
profile view and more recently in the frontal view, dynamically, and in 3D, there is very 
little evidence quantifying the inherent properties of the perioral soft-tissues.  
1.3.4.1 Anatomy of the perioral soft-tissues 
The oral cavity is surrounded by the orbicularis oris, a superficial, concentric, multi-layered 
muscle that acts to close, withdraw, and protrude the lips (Freilinger et al., 1987; Jain & 
Rathee, 2019; Jung et al., 2003). The cutaneous soft-tissues overlie a subcutaneous adipose 
layer, which in turn overlies the muscular layer (Hînganu et al., 2018; Kruglikov et al., 2016). 
A muscle of facial expression, it is unique to limb skeletal muscle in that it has neither a 
bony or tendinous origin but is attached to the modiolus and the upper and lower lip via 
a thin, superficial musculoaponeurotic system (SMAS) which lies beneath the subcutaneous 
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fat (Al-Hoqail & Abdel Meguid, 2009; Hînganu et al., 2018; Kruglikov et al., 2016). The 
muscle is therefore suspended from other soft-tissue, and relies on SMAS for 
antigravitational support (Hînganu et al., 2018). 
As well as the orbicularis oris, the upper lip is also associated with numerous other muscles 
of facial expression, while the lower lip is slightly less complex (Chu et al., 2010). It is 
important to note that at rest, the upper lip is suspended by its attachments, while the 
lower lip must have some inherent anti-gravity function to remain in contact with the upper 
(Seibel & Barlow, 2007). 
1.3.4.2 Soft-tissue biomechanics 
Biomechanics can be defined as mechanical principles that are applied to living systems 
(Fung, 2013). A soft-tissue’s behaviour is closely linked to both its morphology and its 
mechanical properties, with the behaviour of a tissue dependent on both central and 
peripheral neural control, viscoelastic properties, postural orientation to gravity, and 
geometry of muscle attachments (Chu et al., 2010; Fung, 2013; Ho et al., 1982). 
Biomechanics can therefore be used to understand normal physiological function, as well 
as predict a tissue’s response to change (Fung, 2013). 
1.3.4.3 Viscoelastic properties 
A resting skeletal muscle is defined as a viscoelastic material meaning it exhibits both 
viscosity and elasticity during deformation. Viscoelastic materials can exhibit both stress 
relaxation and creep. Stress relaxation is a phenomenon where the stress on a muscle 
decreases with sustained constant strain. Creep is defined as the continuation of 
deformation in a material with sustained constant strain applied. (Fung, 2013) 
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Tone and Stiffness 
Tone is defined as the amount of activity within a muscle, and is dependent on both the 
basic viscoelastic properties, and the amount of activation of the contractile apparatus 
within the muscle (Simons & Mense, 1998). A healthy resting skeletal muscle exerts a 
certain amount of contraction, known as tonus, the purpose of which is to optimise neural 
muscle control for increased accuracy of movement (Chu et al., 2010; Posen, 1976; Seibel 
& Barlow, 2007). For the orbicularis oris, this is crucial for speech production, facial 
expression, force recruitment, and equilibrium position (Chu et al., 2010; Posen, 1976; 
Seibel & Barlow, 2007). In limb muscles, this background contractile activity arises from 
both central stimulation via the reticulospinal tract and indirect pathways of the basal 
ganglia, and peripheral stimulation via muscle spindle fibres and stretch reflexes (Chu et al., 
2010; Dietsch et al., 2014; Seibel & Barlow, 2007). It must be noted however, that muscle 
spindles are not present in the orbicularis oris, nor are there monosynaptic reflex receptors, 
indicating less peripherally stimulated tone, and perhaps suggesting an increased emphasis 
on viscoelasticity (Dietsch et al., 2014; Frayne et al., 2016; Seibel & Barlow, 2007). Tonus is 
defined as endogenous contracture of a muscle that occurs without electrical activity in the 
myocyte, and hence cannot be measured using electromyography (EMG). In addition to 
endogenous contracture, tonus has an element of thixotropy, a property exhibited by gels 
whereby there is softening on deformation, and reformation at rest. The thixotropic 
behaviour of muscle is due to the actin and myosin filaments tendency to adhere when 
inactive. (Simons & Mense, 1998) 
Muscle tone is measurable as resistance to passive movement (Simons & Mense, 1998). It 
can be measured as elastic stiffness with the assumption that the distance moved is 
proportional to the force applied, or it can be measured as viscoelastic stiffness considering 
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the speed of movement – a more complex measurement, but more valid for the properties 
of viscoelastic skeletal muscle (Simons & Mense, 1998). An important delineation to make 
is that between viscoelastic stiffness (resting tone or tonus) and elastic stiffness (maximum 
tone, strength, or compliance) (Simons & Mense, 1998). Within elastic stiffness, there also 
needs to be a delineation between maximum stiffness, or strength, and resting stiffness. 
The stiffness of relaxed soft-tissue differs from strength, in that it is the inherent resistance 
to imposed stretch or displacement due to both the biomechanical properties of the tissue, 
and the tonic innervation from descending pathways in the absence of contractile activity 
(Chu et al., 2009; Seibel & Barlow, 2007; Simons & Mense, 1998). It has been found that 
contractile activity measured by EMG is negligible for small amounts of passive movement 
of the lips, indicating that relaxed stiffness is the predominant resistance to passive stretch. 
(Jack et al., 2014). This review will refer to viscoelastic stiffness, resting tone, or tonus as 
“tone,” maximum elastic stiffness or maximum tone as “strength,” and resting elastic 
stiffness, or compliance as “stiffness”. 
It has long been recognised in orthodontic literature that the forces from the tissues at rest 
are more important in the hard-soft-tissue state of equilibrium than the forces exerted 
during function (Proffit, 1978; Thuer & Ingervall, 1986). However, the measurement of 
resting muscle tone is difficult in that it must capture the tissue at rest, in the absence of 
contractile activity, without altering the biomechanical properties (Ianieri et al., 2009; 
Simons & Mense, 1998; Vain, 1995). Stiffness can be measured subjectively using palpation 
and passive displacement, such as with the Ashworth Scale and the Modified Ashworth 
Scale (Ianieri et al., 2009; Seibel & Barlow, 2007). Some of the early research objectively 
quantifying the role of lip muscle tone in orthodontics focused on the easier-to-measure 
stiffness of lip muscles, by means of measuring their ability to resist pulling forces using a 
pommeter, measure the tissue’s ability to stretch using the OroSTIFF device, or to resist 
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compression using a compliance meter (Chu et al., 2010; Fogel & Stranc, 1984; Ho et al., 
1982; Posen, 1976; Solomon & Clark, 2010). 
Pommeter and compliance meter studies were based on the assumption that muscle 
stiffness correlates with muscle tone (Ho et al., 1982; Posen, 1976). These early studies 
found that Class II division 2 malocclusions were associated with higher lip stiffness, while 
Class II division 1 malocclusions were associated with significantly lower stiffness (Posen, 
1976; Thuer & Ingervall, 1986). It was also found that stiffness increased with age until the 
age of 60, where it begins to decline (Fogel & Stranc, 1984; Posen, 1976; Thuer & Ingervall, 
1986). The exception to this finding was in patients exhibiting bimaxillary or bidental 
protrusion, where the lips remain hypotonic, even with advancing age (Posen, 1976). 
Differing reports on sex differences in lip strength were found, with one study reporting 
that male lips have higher strength than female lips, while another finding no statistical 
differences, however, male lips were found to be stiffer than female lips (Chu et al., 2010; 
Chu et al., 2009; Fogel & Stranc, 1984; Seibel & Barlow, 2007; Zinder & Padua, 2011). An 
investigation into the force-displacement of the lips using a compliance meter concluded 
that lower lips were stiffer than upper lips, and male lips were stiffer than female lips (Ho 
et al., 1982). Higher stiffness in the lower lip may be consistent with the lower lip anatomy 
and anti-gravity function (Seibel & Barlow, 2007). No correlation was found between lip 
strength and the lip pressure exerted on the teeth, which disagrees with the hypothesis 
that maximum tone, or lip strength, is correlated with resting tone, or tonus (Jung et al., 
2003; Thuer & Ingervall, 1986). 
Elasticity 
Elasticity is defined as a material’s ability to resist deformation and return to the original 
form on removal of the force (Fung, 2013). The earlier studies investigating lip elasticity 
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compared the inter-commissural distance from pursed lips to a wide smile (Fogel & Stranc, 
1984). It was found that female lips were more elastic than males, however this rudimentary 
technique is flawed in that it does not measure the tissue’s ability to reform following 
removal of the stretching force (Fogel & Stranc, 1984). 
1.3.4.4 Myotonometry 
The free oscillation technique, was an early attempt at assessing resting muscle 
biomechanics, and is still used widely to this day (Pruyn et al., 2016). The technique is based 
on the assumption that human muscles behave like a damped spring system when swinging 
freely, and therefore, the pattern of movement can be used to calculate a system’s 
biomechanical qualities (Pruyn et al., 2016). This technique has several limitations, the main 
being that the apparatus is bulky and immobile, and the other more relevant limitation to 
the perioral tissues, is that it can only be used for muscles that have the anatomical ability 
to swing (Pruyn et al., 2016). Following on from the assumption that a swinging limb muscle 
behaves like a damped spring system, Myotonometry was developed to use the period of 
oscillation and logarithmic decrement of the damped oscillation model to calculate muscle 
biomechanics; overcoming the past limitations of other myometric technology, most 
notably with the ability to calculate resting muscle tone (Vain, 1995). 
A myometer consists of an acceleration transducer that transmits a mechanical impulse 
into the tissue to be measured, creating damped oscillations which are then in turn 
recorded by the transducer and registered by software able to visualise, process, and store 
the data (Vain, 1995).  The MyotonPro is the most recent model created by Myoton AS. 
The device consists of a probe of varying diameter (larger diameter probes are used for 
smaller muscle groups), which is used to apply a consistent “pre-pressure” to the tissue to 
accommodate for the overlying cutaneous, vascular, and adipose tissue. Once the pre-
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pressure threshold has been reached, an electromagnet within the device is activated to 
exert a brief mechanical pulse and quick release onto the tissue, creating a minor 
deformation (Zinder & Padua, 2011). An accelerometer within the device records the 
damped oscillation behaviour displayed by the tissue in response to the deformation, and 
myotonometric measurements are then calculated by the devices software as tone, 
elasticity, stiffness, decrement, and creep (Zinder & Padua, 2011).  
The acceleration value of the first oscillation period characterises the deformation of the 
tissue, from which stiffness can be measured as the amount of displacement for a given 
amount of force with a given probe mass, measured in Nm (Agyapong-Badu et al., 2018; 
Chuang et al., 2012; Ianieri et al., 2009). For a given force, a stiffer tissue will displace less, 
and have a lower amplitude, whereas a more compliant tissue will displace more with a 
higher amplitude (Chuang et al., 2012). The second oscillation period provides the basis 
for calculating the oscillation frequency, which characterises the tone, with a higher 
frequency indicating a higher resting tone (Chuang et al., 2012; Ianieri et al., 2009). The 
logarithmic decrement of the oscillations is measured as the difference in amplitude 
between the first and second oscillation, which represents the damping of the oscillation. 
Elasticity can be defined as the ability of a material to regain its original shape following 
deformation. The more damping of the curve, the less restoration of the muscle’s initial 
shape is occurring; therefore elasticity can be measured as inversely proportional to the 
decrement (Agyapong-Badu et al., 2018; Chuang et al., 2012). 
Myotonometry has many advantages, including being handheld and portable, quick, non-
invasive and quantitative, with decreased technique sensitivity and the ability to measure 
muscles at rest without disturbing their biomechanical properties (Agyapong-Badu et al., 
2018; Chu et al., 2010; Ianieri et al., 2009). It has been shown to be a reliable, sensitive, 
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responsive, and accurate method compared to nominal scales and objective measures in 
both healthy participants, and those with Parkinson’s Disease or affected by stroke (Aird et 
al., 2012; Bizzini & Mannion, 2003; Chuang et al., 2012; Dellalana et al., 2019; Ianieri et al., 
2009; Pruyn et al., 2016, Zinder & Padua, 2011). It has also shown to be a valid instrument 
when tested against EMG, force, mechanomyography, vertical stiffness testing,  and clinical 
rigidity scores (Chuang et al., 2012; Ditroilo et al., 2011; Marusiak et al., 2010; Pruyn et al., 
2016; Rätsep & Asser, 2011). 
Numerous studies have used myotonometry, however, these have mostly focused on limb 
muscles in athletes or those with neuromuscular disease. Studies that have focused on the 
orofacial region have mostly been for speech and language purposes, with a focus on the 
tongue and cheeks. No papers were found using the Myoton to assess the perioral soft-
tissues, lips, or orbicularis oris. Results using myotonometry have shown that orofacial soft-
tissue stiffness and tone increase with age, likely due to sarcopenia, fibrosis, lipomatosis, and 
lower tissue thickness, rather than increased physiological muscle tone (Dietsch et al., 
2015). This agrees with studies assessing the effects of age on limb muscles (Agyapong-
Badu et al., 2016). Women tend to have stiffer orofacial soft-tissues than men (Zinder & 
Padua, 2011). This is not concurrent with myoton measurements on limb muscles, which 
generally find that male muscles are stiffer (Zinder & Padua, 2011). This may be explained 
by higher proportions of adipose tissue in female lips, which has a higher stiffness than 
relaxed skeletal muscle and cutaneous tissues (Dietsch et al., 2015). 
Limitations of myotonometry include the variability of overlying cutaneous, vascular, and 
adipose tissue, which may act to prevent the oscillations from reaching the musculature 
(Ianieri et al., 2009). It is also difficult to measure and control for parameters that may affect 
measurements, such as body orientation, joint position, muscle activity during or prior to 
 15 
measurement. Minor changes in testing site affect measurements more in smaller muscles 
than larger muscles, but can be controlled for by using an ink marker. The further from the 
muscle belly the measurement is taken, the higher the tone and stiffness measurements. 
This is likely due to interferences from fascia and tendons. Differences in joint position, and 
therefore, muscle length affect all myoton measurements, emphasising the need to stabilise 
the joint during measurements. The amount of contractile activity within the muscle also 
has an effect on all measurements, and is difficult to control for (Agyapong-Badu et al., 
2018). Several studies have used concurrent EMG recordings to confirm non-participation 
of the muscle being measured (Chu et al., 2009; Seibel & Barlow, 2007; Simons & Mense, 
1998). Previous activity influenced the measurements of tone and stiffness, but not 
elasticity. It is very difficult to precisely control for previous activity, but the participants 
could be asked not to walk, run, or cycle to their appointment, not to take any stairs, and 
standardise the appointment times between participants. Body position has a minor effect 
on myotonometric readings, particularly for decrement, which is higher in an upright 
position than in a supine position, explained by the need for recruitment of postural reflexes 
for anti-gravity action (Dietsch et al., 2015). (Agyapong-Badu et al., 2018) 
1.4 Extraction Treatment and Soft-Tissue Changes 
The potential for incisor retraction to alter facial aesthetics has led to a concern that 
orthodontic camouflage, particularly involving premolar extractions, will lead to opening of 
the nasolabial angle, flattening of the lip curves, dishing in of the profile, and premature 
ageing of the face (Arnett & Bergman, 1993a; Arnett et al., 1999; Hodgkinson et al., 2019; 
Holdaway, 1983). This has led to some belief that incisor retraction should only be 
considered in cases with true bimaxillary protrusion, and never to camouflage mandibular 
retrusion (Arnett & Bergman, 1993a; Hodgkinson et al., 2019). In recent years, this has led 
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to a dichotomisation of treatment beliefs in some circles, with practitioners promoting 
surgery to correct moderate anteroposterior discrepancies that cannot be corrected 
without retracting incisors despite evidence that both surgery and orthodontic treatment 
result in acceptable soft-tissue profiles in borderline Class II patients (Cassidy Jr et al., 1993).  
1.4.1 Soft-Tissue Changes due to Growth 
An orthodontic treatment plan is essentially a prediction of change (Ricketts, 1960). In adult 
patients, the predicted change can be mostly attributed to the results of treatment, whereas 
in growing patients, changes due to growth must be taken into account. The soft-tissue 
result of treatment is a result of both growth and orthodontic treatment, and is therefore 
more complex to predict in growing patients (Moseling & Woods, 2004; Talass et al., 1987). 
Because the growth of structures will either help camouflage, or amplify the effect of 
orthodontic changes, the orthodontist must have an appreciation of normal facial growth 
(Moseling & Woods, 2004; Ricketts, 1960; Tadic & Woods, 2007). During adolescence, the 
nose becomes longer, while the lips become longer and thicker (Hodges et al., 2009; 
Hodgkinson et al., 2019; Ricketts, 1960; Talass et al., 1987). Although these changes have 
been supported by several studies, they are often minimal, with linear changes less than 
2mm and angular measurements less than 5deg (Hodges et al., 2009; Hodgkinson et al., 
2019; Ricketts, 1960; Talass et al., 1987). There is unlikely to be a significant change in the 
nasolabial angle due to growth (Lo & Hunter, 1982). Total facial convexity has been shown 
to decrease due to the growth of the nose tip and soft-tissue pogonion into late adulthood 
(Bishara et al., 1998). As the skeletal components of the nasomaxillary complex and 
mandible are the origin of ligaments, muscles, and fat compartments, the soft-tissues and 
hard-tissues move together as they are carried anteriorly and inferiorly by growth 
(Cotofana et al., 2016; Enlow & Hans, 2008; Kuhn et al., 2016; Torlakovic & Færøvig, 2011).  
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Although the superficial and deep structural changes are less evident in late adulthood, 
there are several significant changes that can be predicted to occur due to ageing. As the 
face ages, there is an accentuation of skin creases due to this inferior shift, which combined 
with ligamentous fatigue, skin laxity, altered muscle physiology, and gravity, to create a 
“sagging” effect as the profile becomes continuously more retrusive with the increased 
prominence of the nose and chin (Coleman & Grover, 2006; Cotofana et al., 2016). 3D 
analysis of normal facial growth patterns reiterate the downward and forward trend, 
especially with respect to overall vertical growth, and to the nose and soft-tissue nasion. 
(Kau & Richmond, 2008; Nute & Moss, 2000).  
3D studies have also agreed with more subjective analyses that the face tends to become 
flatter with increasing age, with loss of definition and sagging of the superficial tissues as a 
result of ageing (Coleman & Grover, 2006; Kau & Richmond, 2008; Nute & Moss, 2000). 
The rate and timing of growth and ageing vary both between individuals and ethnic 
backgrounds, but the general effects must be taken into account when striving to produce 
treatment results that counteract, rather than accelerate these effects (Hodgkinson et al., 
2019). Therefore wherever possible, it is recommended to add to the profile rather than 
subtract (Arnett & Bergman, 1993a). 
1.4.2 The Effect of Different Extraction Patterns 
The desire to determine strategies to control the amount of incisor retraction has led to 
the concept of differential anchorage with differing extraction patterns. It is assumed that 
increasing anterior anchorage by extracting further posteriorly decreases the risk of over-
retraction of the incisors (Hodgkinson et al., 2019; Williams & Hosila, 1976). This appears 
to be a traditional and over-simplified theory, with no high-quality evidence to support a 
clinically significant difference in the amount of incisor retraction for different premolar 
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extractions, however anecdotally it appears to hold some validity (Hodgkinson et al., 2019; 
Steyn et al., 1997). It is important to recognise that in bimaxillary or bidentally protrusive 
patients, maximum retraction of incisors is a goal of treatment to improve the facial profile. 
By means of retrospective cephalometric studies, it has been accepted that there is more 
retraction potential with the extraction of first premolars, followed by second premolars, 
then first molars (Hodgkinson et al., 2019; Omar et al., 2018; Ong & Woods, 2001; Shearn 
& Woods, 2000; Williams & Hosila, 1976). Another retrospective cephalometric study 
found statistically more incisor retraction with the extraction of first premolars compared 
to distalisation with extraction of second molars, however the magnitude of the effect was 
less than expected (Staggers, 1990). Similarly, a review concluded that although there is a 
statistically significant difference in the amount of incisor retraction between first and 
second premolar extraction, this is of no clinical significance (Hodgkinson et al., 2019; 
Wholley & Woods, 2004). The placement of TAD's with any extraction choice increases 
the amount of anchorage and therefore the potential for incisor retraction, with more 
anchorage for retraction provided by buccal TADs over palatal TADs (Hodgkinson et al., 
2019; Jayaratne et al., 2017; Solem et al., 2013). 
1.4.3 Soft-Tissue Effects of Extraction Treatment 
Due to the vast variability of study methodologies present in the literature, it is not possible 
to construct specific, generalisable conclusions on the real soft-tissue effects of extraction 
treatment. Similar to incisor retraction, the majority of the literature available is based on 
retrospective cephalometric studies of varying methodology and patient parameters 
(Hodgkinson et al., 2019). It is difficult, for example, to compare studies of different 
extraction protocols, mechanics, pre-treatment crowding, over-jet, true incisor retraction, 
and reference landmarks. As discussed previously, the variability in soft-tissue parameters 
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among individuals also contributes heavily to the difference in treatment results (Bokas & 
Collett, 2006; Leonardi et al., 2010; Moseling & Woods, 2004; Young & Smith, 1993). 
The changes associated with extraction treatment, even in Class I individuals, tend to be 
localised to the perioral region, including lip retraction, increased nasolabial angle, and a 
thickening of the upper lip (Almurtadha et al., 2018; Konstantonis, 2012; Kouli et al., 2019; 
Leonardi et al., 2010). Comparisons of non-extraction profiles with those treated with 
different combinations of premolar extractions found no difference in upper or lower lip 
curve changes between extraction and non-extraction patients (Moseling & Woods, 2004; 
Nanda & Nayak, 2018). Another small study comparing non-extraction treatment with 
extraction of all first premolars showed a significantly more retruded lower lip and a more 
pronounced lower labial sulcus in the extraction group (Bravo et al., 1997). A systematic 
review of Class II malocclusions treated with extractions concluded that there is a more 
significant nasolabial angle increase and lip retraction in cases treated with four premolars 
as opposed to two (Janson et al., 2016). There seems to be very little difference in 
treatment results between males and females (Basciftci et al., 2004; Bishara et al., 1997; 
Bokas & Collett, 2006). Several studies acknowledge that while extraction treatment can 
result in both protrusive and flat faces, in the majority of cases the profile is either 
maintained or improved (Almurtadha et al., 2018; Bokas & Collett, 2006; Drobocky & 
Smith, 1989; Freitas et al., 2019; Konstantonis, 2012; Leonardi et al., 2010; Young & Smith, 
1993). No studies demonstrated that a dished in profile is to be expected (Leonardi et al., 
2010). 
When clear-cut extraction and non-extraction cases were compared, it was initially found 
that the extraction profiles were approximately 2-3mm flatter than the non-extraction 
profiles – a statistically significant, but not clinically significant difference (Freitas et al., 2019; 
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Luppanapornlarp & Johnston, 1993). However, at an average of 15 years post-treatment 
follow up, both treatment groups experienced a decrease in facial convexity, with the 
extraction profiles tending to be more protrusive long term than their non-extraction 
counterparts (Luppanapornlarp & Johnston, 1993). With the acknowledgement that 
comparing clear-cut cases was prone to susceptibility bias, similar methodology was used 
to compare borderline patients treated with extraction or non-extraction, and the results 
were similar in that the extraction patients were only approximately 2mm flatter at an 
average of 14.5-year post-treatment interval (Paquette et al., 1992). The evidence that 
extraction treatment, when compared to non-extraction treatment, results in a measurable 
but clinically insignificant increase in hard and soft-tissue changes has been supported by 
several other studies (Bishara & Cummins, 1997; Bokas & Collett, 2006; Bravo, 1994; Freitas 
et al., 2019; Kouli et al., 2019; Leonardi et al., 2010; Verma et al., 2013; Young & Smith, 
1993). The observation that flattening of both extraction and non-extraction cases occurs 
in the years following treatment has also been supported by other studies (Finnöy et al., 
1987; Konstantonis, 2012). 
1.4.4 Aesthetic Preferences 
A layperson assessment of the 2-year post-treatment profile silhouettes of four first 
premolar extraction cases, non-extraction cases, and untreated individuals revealed no 
preferences for either treatment modality (Bishara & Jakobsen, 1997). When laypeople and 
dentists were asked to rate the aesthetic outcome of Class I and Class II cases treated with 
either extraction and non-extraction that were very similar at the outset, there was a 
preference toward the flatter extraction profiles, indicating that treatment with extraction 
not only has a minimal effect on the profile, but can often improve the profile (Bowman & 
Johnston, 2000). Despite the reputation of an “orthodontic look” associated with 
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extraction treatment, experienced dentists and orthodontists were unable to match either 
treatment modality to the finished result of cases based on facial photos and cephalometric 
tracings (Boley et al., 1998). Furthermore, there was no significant preference toward either 
the extraction or non-extraction profiles (Boley et al., 1998). When patients themselves 
were asked to rate their own post-treatment profile, extraction patients rated their post-
treatment profile no differently to their non-extraction counterparts, despite being on 
average 2mm flatter (Paquette et al., 1992). Regardless of treatment modality, there was a 
unanimous preference among patients, dentists, orthodontists, and laypeople for the 
treated result over the pre-treatment aesthetic (Bishara & Jakobsen, 1997; Paquette et al., 
1992; Verma et al., 2013). 
1.4.5 Soft-Tissue Response to Incisor Retraction 
The controversy surrounding orthodontic extractions is primarily based on the potential 
for over-retraction of the incisors when extraction spaces are created. It is important to 
recognise that many of the studies assessing the profile changes associated with extraction 
treatment do not distinguish between extractions performed for the purpose of incisor 
retraction or those performed to relieve crowding. This is an essential delineation to make, 
as extractions to relieve crowding are less likely to result in movement of the incisors, and 
therefore are unlikely to significantly alter the facial profile. There is a consensus in the 
literature that incisor retraction, whether a result of extraction or non-extraction treatment, 
is correlated to soft-tissue changes, and therefore has the potential to alter facial aesthetics 
(Alkadhi et al., 2019; Drobocky & Smith, 1989; Hodgkinson et al., 2019; Konstantonis et al., 
2018; Kuhn et al., 2016; Luppanapornlarp & Johnston, 1993; Talass et al., 1987). Based on 
the assumption that there must be a linear relationship between hard and soft-tissue 
movement, concern has arisen within the profession that the amount of incisal retraction 
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necessary to correct occlusal relationships will be matched by the soft-tissues, leading to 
retrusion of the profile and premature aging of the face (Arnett & Bergman, 1993a).  
There have been numerous attempts to calculate a linear relationship between hard and 
soft-tissue changes with the goal of devising a ratio to guide treatment planning. The 
majority of the literature available is based on retrospective cephalometric studies of varying 
methodology and patient parameters. It is therefore difficult to come to definitive, clinically 
relevant conclusions on the three-dimensional effect on incisor retraction. Despite varying 
methodologies, patient factors, and questionable clinical validity, there is some agreement 
between the numerous retrospective cephalometric studies. (Hodgkinson et al., 2019) 
1.4.6 Measuring Incisor Retraction 
The method of measuring incisor movement varies between studies. Many historical studies 
have used the incisal edge to measure retraction, which has been shown have less 
association with the soft-tissues than the cervical point of the incisors (Hayashida et al., 
2011; Hodges et al., 2009; Ramos et al., 2005; Yasutomi et al., 2006). More recent studies 
tend to use the cervical point of the incisors, although it has also been argued that the point 
of measurement should not be rigidly prescribed as it is the anterior point of the tooth, 
whatever that may be, that is most closely related to the lips (Alkadhi et al., 2019; Hayashida 
et al., 2011; Hodges et al., 2009; Kuhn et al., 2016; Ramos et al., 2005; Yasutomi et al., 
2006).  
The measurement of incisor retraction in two-dimensional studies relies on the 
establishment of stable references on which to register the pre-operative and post-
operative images. Traditional reference planes include the Frankfort Horizontal, the natural 
head position, and the Sella-Nasion plane, or anterior cranial base. These references all 
 23 
have varying limitations, from landmark identification error, to questionable reproducibility 
and validity, to instability with growth (Baumrind & Frantz, 1971a; Bister et al., 2002; Cooke 
& Wei, 1988; Luyk et al., 1986). 
In 3D studies, digital superimpositions of dental casts to assess longitudinal changes also 
require a stable reference point. Several studies have attempted to define a stable reference 
point in the palate, with reference to anatomical landmarks, cephalometric points, and even 
mini-screws. Mini-screws are the gold standard for stable reference points, however, 
ethically it is not possible to place them in all study participants. They have however, been 
used to detect stable areas of the palate to use as reference points (Chen et al., 2011). 
The configuration, amount, and location of palatal rugae vary so greatly that they are unique 
to the individual (Choi et al., 2018). They are also thought to undergo very little change 
during growth, hence have been used as reference points for cast superimposition (Choi 
et al., 2018). The general consensus is that the area around the third palatal rugae is the 
most stable, with displacements within 0.5mm, however, there is an element of vertical 
displacement of the region, particularly in growing individuals (Ali et al., 2016; Almeida et 
al., 1995; Bailey et al., 1996; Chen et al., 2011; Christou & Kiliaridis, 2008; Hoggan & 
Sadowsky, 2001; Vasilakos et al., 2017). The first and second rugae, rugae length, and the 
lateral third rugae have been shown to undergo anteroposterior, transverse, and vertical 
change with orthodontic treatment, as they follow the movement of the teeth (Ali et al., 
2016; Almeida et al., 1995; Bailey et al., 1996; Chen et al., 2011; Choi et al., 2018; Christou 
& Kiliaridis, 2008; Hoggan & Sadowsky, 2001). People with more primary rugae express a 
more anterior position of the third rugae, meaning the third rugae is positioned closer to 
the anterior teeth, and may be more likely to change with movement of the incisors (Choi 
et al., 2018). In these participants, distal extension along the mid-palatal raphe may be 
appropriate (Vasilakos et al., 2017). Therefore, the median aspect of the third palatal rugae 
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is considered the most stable reference point in the palate, and can be reliable in adult 
patients, but caution must be taken when using in subjects where the third palatal rugae is 
anteriorly positioned or when growth is more prominent (Christou & Kiliaridis, 2008). 
A recent novel method for superimposition suggests using “a combination of raw matching, 
fine matching, and deformation analysis” in combination with an ‘iterative closest proximity 
algorithm’. By assessing this method using measurable artificial tooth movements as 
references with simulated growth changes, it has been concluded that this method is not 
only valid and reliable, but is also accurate and precise even following orthodontic 
treatment and growth. (Ganzer et al., 2018) 
1.4.7 Incisor Retraction and Lip Retraction 
Almost all studies concur that there is a correlation between incisor retraction and lip 
retraction, which has been supported by meta-analysis (Alkadhi et al., 2019; Hodgkinson et 
al., 2019; Konstantonis et al., 2018; Kuhn et al., 2016; Talass et al., 1987). The extent of this 
relationship ranges between studies and also differs between the upper and lower lips. The 
upper lip is reported to retract 0.7mm for every 1mm of maxillary incisor retraction, ranging 
from 0.3mm to 1mm between studies (Hayashida et al., 2011; Hodges et al., 2009; 
Holdaway, 1983; Kasai, 1998; Konstantonis et al., 2018; Kuhn et al., 2016; Mirabella et al., 
2008; Omar et al., 2018; Rains & Nanda, 1982; Ramos et al., 2005; Solem et al., 2013; 
Waldman, 1982; Yasutomi et al., 2006; Yogosawa, 1990). The lower lip is also reported to 
retract 0.7mm for every 1mm of maxillary incisor retraction, ranging from 0.3mm to 0.7mm 
between studies (Alkadhi et al., 2019; Hayashida et al., 2011; Konstantonis et al., 2018; 
Mirabella et al., 2012; Omar et al., 2018; Yogosawa, 1990). For every millimetre of lower 
incisor retraction, lower lip retraction ranges from 0.8mm to 1.3mm (Hodges et al., 2009; 
Kasai, 1998; Solem et al., 2013). A clinical reliance on ratios is based on the simplified 
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assumption that the soft-tissue to hard-tissue ratio is linear, and that an increased amount 
of incisor retraction corresponds to an increased amount of soft-tissue retraction 
(Hodgkinson et al., 2019). However, there is unlikely to be a linear, predictable relationship, 
as even cases treated to the same hard-tissue standard result in a wide variety of facial 
changes (Hodgkinson et al., 2019; Park & Burstone, 1986). It is also clinically apparent that 
there is not an unlimited amount of soft-tissue retraction that can occur, as a complete lack 
of incisors does not correspond to a lack of lip tissue (Wisth, 1974). It has therefore been 
proposed that the correlation between hard and soft-tissues progressively decreases with 
increasing hard-tissue retraction, although this has not been investigated further 
(Hodgkinson et al., 2019; Talass et al., 1987; Wisth, 1974). The point at which the dental 
changes are measured varies between studies, with many historical studies using the incisal 
edge to measure retraction which has been shown have less association with the soft-
tissues than the cervical point of the incisors (Hayashida et al., 2011; Hodges et al., 2009; 
Ramos et al., 2005; Yasutomi et al., 2006). More recent studies tend to use the cervical 
point of the incisors, although it has also been argued that the point of measurement should 
not be rigidly prescribed as it is the anterior point of the tooth, whatever that may be, that 
is most closely related to the lips (Hayashida et al., 2011; Hodges et al., 2009; Kuhn et al., 
2016; Ramos et al., 2005; Yasutomi et al., 2006).  
1.4.8 Variability in Lip Retraction 
The variability between ratios is not only attributed to methodology and study design, but 
also to soft-tissue characteristics, patient age, ethnicity, length, thickness, tension, muscular 
activity, ethnicity, sex, treatment modality, lip tonicity, malocclusion, lip length, interlabial 
gap (Brock et al., 2005; Drobocky & Smith, 1989; Hayashida et al., 2011; Hodges et al., 
2009; Hodgkinson et al., 2019; Holdaway, 1983; Kasai, 1998; Mirabella et al., 2008; Oliver, 
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1982; Rains & Nanda, 1982; Solem et al., 2013; Staggers, 1990; Wholley & Woods, 2003, 
2004). The upper lip is widely acknowledged to be more variable, less sensitive, and less 
predictable than the lower lip regarding its response to incisor retraction (Hodges et al., 
2009; Kasai, 1998; Moseling & Woods, 2004; Solem et al., 2013; Talass et al., 1987). It has 
been postulated that this is due to the complex anatomy and structural support of the 
upper lip, compared to the lower lip which relies heavily on the lower incisors for support 
(Kasai, 1998). Thinner lips will follow incisor retraction more closely than thicker lips, which, 
if very thick, may not follow incisor retraction at all (Brock et al., 2005; Holdaway, 1983; 
Kuhn et al., 2016; Oliver, 1982; Talass et al., 1987). Lips with a pre-existing increased curve 
tend to tolerate more soft-tissue retraction, as the upper and lower lip curves generally 
tend to flatten with retraction, except in thicker lips which tend to curl more as the 
underlying hard-tissue support moves posteriorly (Arnett & Bergman, 1993a; Moseling & 
Woods, 2004; Ricketts, 1960; Tadic & Woods, 2007; Wholley & Woods, 2003, 2004). 
Strained or tapered lips have been shown to be more sensitive to incisal retraction than 
lax, redundant lips, however it has also been suggested that due to the overall tendency 
for lips to thicken with retraction, a strained lip may not follow incisal movement until the 
taper has thickened sufficiently (Holdaway, 1983; Konstantonis et al., 2018; Kuhn et al., 
2016; Oliver, 1982; Talass et al., 1987). Relieving lip strain will also increase the soft-tissue 
thickness over the chin due to the reduction in vertical stretch (Ricketts, 1960). The age of 
the patient will also affect the ratio, with adult lips following incisor retraction more closely 
than adolescent lips (Hodges et al., 2009; Holdaway, 1983). Many studies have concluded 
that the reason for the unpredictable non-linear nature of the soft-tissue to hard-tissue 
relationship is the inherent soft-tissue properties of the lip, but further research is required 
to objectively investigate this. (Hodgkinson et al., 2019) 
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1.4.9 Vertical Lip Changes with Incisor Retraction 
Despite a focus on sagittal changes, incisal retraction also affects the soft-tissues in the 
vertical plane. Retraction of the incisors tends to decrease the interlabial gap (Jacobs, 1978; 
Kasai, 1998; Talass et al., 1987). An investigation of the vertical effects of maxillary incisor 
retraction concluded that for every 1mm of maxillary incisor retraction without intrusion 
or extrusion, there was a 0.5mm reduction in the interlabial gap (Jacobs, 1978). The 
mechanism by which this occurs is unclear in the literature, with reports that the decrease 
in the interlabial gap is primarily by a clinically significant lengthening of the lower lip, and 
other reports that interlabial gap reduction is due to inferior movement of the upper lip 
(Kasai, 1998; Talass et al., 1987). It is difficult to come to a general conclusion by comparing 
these studies, as they were undertaken in differing ethnic populations with differing 
methodologies. Regardless, there is an agreement that if the lips are retracted, there is 
lengthening of one or both lips, causing a minor increase in the soft-tissue lower facial height 
(Talass et al., 1987). Incisor retraction affects the relative vertical position of the incisors by 
producing relative extrusion, increasing the amount of incisor display on smiling (Sarver & 
Ackerman, 2003). This can have a dramatic effect on smile aesthetics, and caution should 
be taken when retracting incisors in patients with vertical maxillary excess. While retraction 
of the teeth and lips affects the vertical plane, the converse is also true in that the vertical 
dimension affects the soft-tissue response to hard-tissue retraction. More lip lengthening, a 
greater increase in the nasolabial angle, and more lip retraction occurs in dolichofacial 
patients with bite opening as more vertical stretch is required (Kuhn et al., 2016; Rains & 
Nanda, 1982; Talass et al., 1987). One study, using maxillary implants to increase the 
accuracy of superimposition, constructed separate upper lip retraction to maxillary incisor 
retraction ratios depending on whether there was pre-existing lip incompetence (Ramos 
et al., 2005; Hodgkinson et al., 2019). 
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1.4.10 Nasolabial Angle Changes with Incisor Retraction 
The nasolabial angle is defined as the angle created at the intersection at Subnasale of the 
upper lip anterior and columella (Drobocky & Smith, 1989; Konstantonis et al., 2018; Lo & 
Hunter, 1982; Ramos et al., 2005; Talass et al., 1987). Changes in the anteroposterior 
position and angulation of the lip would therefore be expected to affect the nasolabial 
angle. There is a general consensus between studies that incisor retraction indirectly 
increases the nasolabial angle by affecting the upper lip, which again is supported by meta-
analysis (Drobocky & Smith, 1989; Konstantonis et al., 2018; Lo & Hunter, 1982; Ramos et 
al., 2005; Talass et al., 1987). As this is not an automatic or direct response, defining a linear 
relationship or ratio by which to predict changes is impossible due to the numerous soft-
tissue variables including lip thickness, lip curve depth,i and lower facial height (Nanda & 
Nayak, 2018; Tadic & Woods, 2007). Attempts at defining an estimated relationship 
between maxillary incisor retraction and increases in nasolabial angle have ranged from 1.6° 
for every millimetre of incisal retraction to no relationship at all (Konstantonis et al., 2018; 
Waldman, 1982). Care must be taken to maintain the nasolabial angle within 10° of 100°, 
as subjective studies of layperson preferences have found that an overly obtuse or acute 
nasolabial angle is not considered to be aesthetic (Armijo et al., 2012; Sinno et al., 2014; 
Hodgkinson et al., 2019). 
1.4.11 Three Dimensional (3D) Changes with Incisor Retraction 
It is important to reiterate that the majority of information in this review has been 
summarised from retrospective cephalometric studies, despite the recognition that the soft-
tissue changes accompanying orthodontics are not solely in the mid-sagittal plane. Although 
several studies, including a yet-to-be-published study by the University of Otago’s 
Department of Oral Sciences, have looked at the 3D effects of simulated incisor 
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advancement on the soft-tissues, very few studies have assessed the 3D effects of incisor 
retraction, by means of a retrospective cone-beam computed tomography studies (Au, 
2017, Kim et al., 2014, Baek et al., 2018; Rosati et al., 2014). These studies agreed that soft-
tissue changes in response to maxillary incisor retraction were concentrated between the 
nasolabial folds and commissures of the mouth, while one study found that changes due to 
lower incisor retraction were focused at pogonion (Baek et al., 2018; Solem et al., 2013). 
One study using CBCT to investigate the effect of incisor retraction on the perioral soft-
tissues found that experienced plastic surgeons, dermatologists, and orthodontists deemed 
that the subjective appearance of the nasolabial fold improved following incisor retraction 
in bidentally protrusive participants (Baek et al., 2018). One 3D investigation was 
prospective, in that it compared pre and post-treatment 3D facial scans of a small sample 
of extraction and non-extraction participants (Dai et al., 2018). That study focused on the 
transverse facial changes resulting from treatment, and found that participants treated with 
extractions tended to narrow following treatment, due to the buccal tissues following arch 
width constriction (Dai et al., 2018). Further research on the in-vivo effect of incisor 
retraction on the facial soft-tissues in 3D is needed. 
1.5 Summary 
There is a distinct lack of high-quality evidence investigating the soft-tissue response to 
incisor retraction. Evidence-based clinical decisions must, therefore, be based upon 
numerous retrospective two-dimensional cephalometric studies. There seems to be a 
general consensus in the literature that an unpredictable, non-linear correlation between 
incisor retraction and soft-tissue changes does exist. The facial changes that seem to have 
the most potential to alter with incisor retraction are the retraction of the upper and lower 
lips, closure of the interlabial gap, and an increase of the nasolabial angle (Konstantonis et 
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al., 2018). Using a ratio to predict these changes is unreliable (Hodges et al., 2009; Kasai, 
1998). Changes seem to be more pronounced in patients with thin soft-tissues, and poor 
pre-treatment aesthetics. The lower lip is more sensitive to lower incisal movement than 
the upper lip to upper incisal movement (Brock et al., 2005; Holdaway, 1983; Kuhn et al., 
2016; Oliver, 1982; Talass et al., 1987). It is also important to note that soft-tissue changes 
do not only occur in the mid-sagittal plane as assessed in lateral cephalograms, but in all 
three dimensions (Solem et al., 2013). It is important to recognise that with or without 
orthodontic treatment, the face undergoes a variable degree of flattening during the ageing 
process due to the differential growth of the nose and chin (Bishara et al., 1998; Hodges 
et al., 2009; Ricketts, 1960; Talass et al., 1987). Evidence suggests that excessive retraction 
of the anterior teeth may lead to adverse profile changes depending on individual 
characteristics, but this is not the routine outcome. In a well-managed case, with or without 
extractions, the soft-tissue changes should be clinically insignificant. 
It has been hypothesised that the variability in response of the perioral soft-tissues to incisor 
movement is most-likely related to soft-tissue parameters such as viscoelastic properties of 
the lip, and muscle tone, than from a particular treatment modality, however more research 
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Introduction: The effect of orthodontic treatment on the facial profile has been a long-
debated topic. It has been suggested that the intrinsic properties of the perioral soft-tissues 
are responsible for the wide variation of soft-tissue outcomes following orthodontic 
treatment. However, there is limited quantitative information about the biomechanical 
properties of perioral soft-tissues. 
Aims: The research aims were to a) determine the reliability of a soft-tissue digital palpation 
device for assessment of biomechanical properties of the orbicularis oris muscle, and b) to 
investigate the relationship between soft-tissue properties, sex, age, body mass index (BMI) 
and cephalometric variables. 
Materials and Methods: Demographic information and BMI were collected in a sample of 
83 patients referred to the University of Otago’s Orthodontic Clinic. Muscle tone, stiffness, 
and elasticity of the orbicularis oris were measured three times at four different anatomical 
sites using a digital palpation device. An additional measurement was taken at the thenar 
eminence serving as a control site. A duplicate set of measurements over a one-week 
interval was collected in a subsample of 20 participants to estimate method error. 
Cephalometric tracings were used to classify sagittal jaw skeletal relationships (ANB angle) 
and vertical facial pattern (FMPA angle). Mixed model analyses were used to investigate 
the relationship between soft-tissue properties and sagittal and vertical cephalometric 
measurements, after controlling for sex, age, BMI, and ethnicity. 
Results: Biomechanical properties of lip muscles were remarkably consistent both within 
and between different recording sessions and varied markedly between anatomical site. 
The lower lip had higher tone and was stiffer than the upper lip. Both the upper and lower 
lip stiffness and tone were higher in females than in males, while upper lip elasticity was 
higher in males. Soft-tissue properties were related to age and BMI. Thinner upper lips had 
higher tone and were stiffer than thicker upper lips, while thinner lower lips were less elastic 
than thicker lower lips. Muscle tone and stiffness of both the upper and lower lips were 
lower in Class III than in Class I and Class II individuals. The upper lip of hyperdivergent 
individuals was less elastic than that of normodivergent and hypodivergent individuals, and 
stiffer than that of hypodivergent individuals. 
 33 
Conclusions: The perioral soft-tissue properties vary with anatomical site, BMI, and 
cephalometric measurements. Myotonometric measurements should be used in future 
longitudinal studies to enhance our understanding of the cause-effect relationships between 




Patients who seek orthodontic treatment often expect an improvement of their 
appearance (Geoghegan et al., 2019). Historically, orthodontic diagnosis and treatment 
planning has relied upon the positioning of teeth and bone relative to reference standards. 
Lateral cephalometry has enhanced these hard-tissue treatment goals by establishing hard-
tissue norms. Within recent decades, the importance of the perioral soft-tissues in both 
stability and aesthetics has been recognised, and there has been a paradigm shift toward 
soft-tissue treatment planning (Ackerman et al., 1999).  
The soft-tissue integument of the face is dynamic and varies so considerably between 
individuals, that it is an elusive entity to measure or classify. There have been several soft-
tissue cephalometric analyses developed (Downs, 1952; Holdaway, 1983, 1984; Merrifield, 
1966; Ricketts, 1960). Because a cephalometric radiograph is a two-dimensional, static 
image, it is critical that the orthodontist undertakes a thorough clinical assessment of the 
patient’s facial soft-tissues, which can assess their dynamic properties in all planes of space. 
In an attempt to standardise the clinical assessment of soft-tissues, the Arnett analysis 
identifies key facial traits which provide a more objective view of the patient’s pre-existing 
soft-tissue form (Arnett & Bergman, 1993a, 1993b). Three-dimensional image analysis of 
the facial soft-tissues can further aid objective assessment of the dynamic soft-tissues, but 
is not without limitations (Heike et al., 2010). 
Many studies investigating the soft-tissue response to orthodontic treatment hypothesise 
that intrinsic soft-tissue properties are responsible for the wide variation of soft-tissue 
outcomes (Ho et al., 1982; Moseling & Woods, 2004; Omar et al., 2018; Park & Burstone, 
1986). Although the morphology of the lips has been studied extensively, there is very little 
evidence that has attempted to quantify the inherent biomechanical properties of the 
perioral soft-tissues and their relationship to anatomical, clinical, and cephalometric features. 
Myotonometry is a recent advance in soft-tissue assessment that uses the free oscillation, 
a technique based on the assumption that human muscles behave like a damped spring 
system when swinging freely, therefore the pattern of movement can be used to calculate 
a system’s biomechanical properties (Pruyn et al., 2016). The period of oscillation and 
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logarithmic decrement of the damped oscillation model can be used to assess specific 
features of muscle biomechanics (Vain, 1995). 
2.3 Research Aims and Hypotheses 
2.3.1 Aims 
I. To determine the reliability of a soft-tissue digital palpation device to assess the 
soft-tissue properties of the orbicularis oris muscle 
II. To investigate the effect of sex, body-mass-index (BMI), and anatomical site on the 
perioral soft-tissue properties of an orthodontic sample 
III. To investigate the relationship between lip morphometric features, sagittal and 
vertical craniofacial morphology and perioral soft-tissue properties 
2.3.2 Research Question 
I. Are the perioral soft-tissue properties influenced by anatomical, clinical, or 
cephalometric factors? 
2.3.3 Hypotheses 
I. The perioral soft-tissue properties are influenced by sex and BMI, with females 
displaying higher tone and stiffness, and increasing BMI being associated with 
increased stiffness and tone due to more adipose tissue. 
II. The perioral soft-tissue properties are influenced by cephalometric soft-tissue 
measurements, with thinner, less curved lips displaying higher tone and stiffness. 
III. The perioral soft-tissue properties are not influenced by sagittal craniofacial 
morphology 
IV. The perioral soft-tissue properties are influenced by vertical craniofacial 
morphology, with hyperdivergence displaying higher tone and stiffness than 
Hypodivergence. 
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2.4 Research Approach 
An observational study to investigate the soft-tissue biomechanical properties of a 
convenience sample of pre-treatment orthodontic patients. 
2.5 Study Sample 
A convenience sample of study participants were selected from the pool of patients 
referred to the University of Otago’s Orthodontic Clinic. Participants were included if they 
had no previous or current orthodontic treatment; no history of perioral soft-tissue trauma 
or scarring; were older than 12 years old; and had an available lateral cephalogram less than 
six months old. Participants were excluded if they either had any previous or current 
orthodontic treatment, or a pre-existing craniofacial syndrome or neuromuscular disease. 
2.6 Materials and Method 
2.6.1 Soft-Tissue Digital Palpation Device 
The Myoton (MPRO, Myoton AS, Tallinn, Estonia) is a digital palpation device that records 
the damped natural oscillation of biological tissues on the form of an acceleration signal 
(Figure 2.1) (AS, 2016). The device is handheld, wireless, non-invasive, and painless, and 
can be used to objectively measure the viscoelastic and biomechanical properties of 
superficial soft-tissue. The device consists of an accelerometer attached to a probe, which 
has attachments of various dimensions according to the soft-tissue of interest. For the 
orbicularis oris, a probe attachment of 10mm is recommended. 
The Myoton measurement process (total time taken: 430ms) includes: 
1. Placement of the probe onto the surface of the tissue with 0.18N pre-pressure 
applied to control for the overlying subcutaneous tissue.  
2. A 0.58N impulse exerted over 15ms creates oscillations within the soft-tissue, 
which is transmitted into the probe, and recorded by the device’s accelerometer 
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as a damped natural oscillation over 400ms. Because this impulse is so quick and 
light, it does not cause residual mechanical deformation or neurological reaction 
(AS, 2016). 
3. The raw acceleration signal is then processed by the device to filter out high and 
low frequencies that are not characteristic of soft-tissue natural oscillation (over 
10ms) (AS, 2016). 
4. Numerical values representing the various viscoelastic and biomechanical 
properties are calculated based on the processed oscillation signal (over 5ms). 
 
 
Figure 2.1  The MyotonPro and acceleration signal (source: www.myoton.com) 
 
The outcome variables calculated by the device are: 
I. Tone (represented by the oscillation frequency and measured in Hz)  
II. Stiffness (represented by the amount of deformation in the tissue for a given 
force and measured in Nm) 
III. Elasticity (inversely proportional to the decrement of oscillation amplitude 
following a tissue’s displacement). 
IV. Mechanical stress relaxation time (represented by the time for a muscle to 
recover its shape after removal of an external force) 
V. Creep (defined as the gradual elongation of a tissue over time when placed 
under a constant tensile stress. Represented by the ratio between the amount of 
deformation and the relaxation time) 
 38 
Three out of the five measurements, Tone, Stiffness, and Elasticity were judged by the 
authors to be more clinically relevant to the inherent properties of the orbicularis oris and 
to orthodontic diagnosis. 
This chapter will discuss the terms tone, stiffness and elasticity as opposed to frequency, 
stiffness, and decrement. It is however important to note that the myotonometric 
measurement of decrement is inversely proportional to elasticity, and therefore a higher 
decrement reading represents lower tissue elasticity and vice versa. 
2.6.2 Lateral Cephalometric Tracing 
Cephalometric tracing was performed by a single operator using WebCeph (WebCeph, 
AssembleCircle, Gyeonggi-do, Republic of Korea). 
The sagittal jaw skeletal relationship was defined using the ANB angle as follows (Riolo, 
1974): 
 Class I: 1°  ANB < 5° 
 Class II: ANB  5° 
 Class III: ANB < 1° 
The vertical classification, or divergence pattern was defined using the FMPA angle as 
follows (Riolo, 1974): 
 Average-Angle, or normodivergent: 17°  FMPA  23° 
 High Angle, or hyperdivergent: FMPA < 23° 
 Low Angle, or hypodivergent: < 17° 
Cephalometric analysis of the soft-tissues is outlined in Tables 2.1and 2.2, and illustrated in 





Figure 2.2  Landmarks used for the cephalometric measurements 
Table 2.1  Cephalometric Measurements (Modified from Arnett 1993 and 
Holdaway 1983) 
Nasolabial Angle C-Sn-Ls 
Upper Lip Length Sn-Ls 
Lower Lip Length Li-Pog’ 
Upper Lip Thickness A-A’ 
Lower Lip Thickness B-B’ 
Upper Lip Curve Depth A’-Sn-Ls(perp) 
Lower Lip Curve Depth B’-Li-Pog’(perp) 
Upper Incisor Angle UI-ANS-PNS 
Lower Incisor Angle LI-Me-Go 
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2.7 Study Procedure 
Written patient or parent/guardian consent was obtained. Five points of interest were 
marked using a surgical marker pen. The thenar eminence (E) was used as a distal control 
site. E was identified as the point of maximum convexity of the muscle upon contraction, 
and measurement was taken in a seated position with the dominant hand resting supinated 
on the ipsilateral thigh. The four perioral landmarks are depicted in Figure 2.3. The upper 
lip was measured at three distinct landmarks; one midline point, and two lateral points to 
Table 2.2 List of abbreviations used to describe cephalometric landmarks 
 Po Porion Ss Stomion superius 
Or Orbitale Si Stomion inferius 
ANS Anterior nasal spine UI Upper incisal tip 
PNS Posterior nasal spine LI Lower incisal tip 
Cm Columnella B B-point 
Sn Subnasale B’ Soft-tissue B-point 
A A-point Pog Pogonion 
A’ Soft-tissue A-point Pog’ Soft-tissue pogonion 
Ls Labrale superius Me Menton 
Li Labrale inferius Go Gonion 





assess the effect of measurement point deviation. The orbicularis oris central superior (OCS) 
was defined as 5mm superior to the midline of the vermillion border of the upper lip. The 
orbicularis oris right and left superior (ORS and OLS) were defined as 5mm superior to the 
point on the vermillion border 20mm to the right or left of the midline respectively. The 
lower lip was measured at orbicularis oris central inferior (OCI); 5mm inferior to the midline 
of the vermillion border of the lower lip. The lip measurements were taken with the 
participant in a pre-set supine dental chair, with teeth lightly in occlusion and lips relaxed. 
The MyotonPro device was set up with a 10mm probe as specified for smaller muscle 
groups. The probe was placed at each point, perpendicular to the tissue, and a pre-pressure 
of 0.58N was applied to overcome the superficial tissues and isolate the skeletal muscle. 
Five repeated pulses of 15ms, 0.8s apart were taken. If the coefficient of variation (CV) 
between the five pulses calculated by the device was higher than 3%, the measurement 
was retaken until an appropriate CV was obtained. The measurement process was 
repeated three times at each point.  
A new sample of twenty participants (mean age 38.3 ± 5.8, 35% male, 65% female) who 
met the inclusion criteria were used to assess measurement error of the myotonometric 
readings. Differences between the three measurements at each point were assessed, as 
were differences between measurements taken one week apart. 
Lateral cephalograms of the study sample were traced and measured according to Figure 
2.2, Table 2.1, and Table 2.2. 
2.7.1 Statistical Analysis 
Data were initially analysed using descriptive statistics and checked for normality. 
Continuous variables such as age, BMI and cephalometric measurements were analysed 
using Student’s t test, while categorical variables such as ethnicity were analysed using Chi-
square test. 
Pearson’s correlation coefficients were computed to assess the correlation between soft-
tissue properties and age, sex, BMI, upper lip cephalometric measurements and soft-tissue 
properties, and lower lip cephalometric measurements and soft-tissue properties. Mixed 
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model analyses were used to investigate the relationship between soft-tissue properties 
and sagittal and vertical cephalometric measurements, after controlling for sex, age, BMI, 
and ethnicity. 
Statistical significance was defined as p0.05. All statistical analyses were conducted using 
SPSS (version 20.0, IBM Corporation, Chicago, Illinois, USA). 
2.7.2 Data Storage 
Hard-copy consent forms were kept in secure storage within the Faculty of Dentistry and 
will be retained for 10 years. 
Data spreadsheets were stored on a password-protected clinical laptop within the Faculty 
of Dentistry. These may be accessed by the investigators for future follow-up. 
2.7.3 Funding 
This study was funded by The New Zealand Dental Research Foundation (NZDRF), 
RF8.09 2018). 
2.7.4 Ethical Approval 
This study was approved by the University of Otago Human Ethics Committee (Health 
Research), reference H18/134. 
2.7.5 Māori Consultation 





2.8.1 Demographic Characteristics 
The demographic data of all participants is presented in Table 2.3. No statistical differences 
were found between age, BMI or ethnicity between males and females. 
Table 2.3 Demographic characteristics by sex. Values represent mean (SD); or row 
percentage. 
Variable Sex Total (n = 83) 
Male (n = 35) Female (n = 48) 
Mean Age (years) 15.2 (5.9) 15.0 (3.1) 15.1 (4.4) 
Mean BMI (Kg·m2) 21.6 (4.7) 21.4 (4.8) 21.5 (4.8) 
Ethnicity     
 European 26 (44.1) 33 (55.9) 59 (71.1) 
 Māori 2 (2.4) 4 (4.8) 6 (7.2) 
 Indian 1 (1.2) 2 (2.4) 3 (3.6) 
 Asian 2 (2.4) 2 (2.4) 4 (4.8) 
 Middle Eastern 1 (1.2) 1 (1.2) 2 (2.4) 
 Not Specified 3 (3.6) 6 (7.2) 9 (10.8) 
No statistical differences were found between age, BMI or ethnicity between males and females 
The mean age for all study participants was 15.1 ± 4.4 years, while the overall mean BMI 
was 21.5 ± 4.8 Kg/m2, with neither variable differing significantly between sexes. The 
majority of participants (71.1%) were European. Māori, Indian, Asian, and Middle Eastern 
ethnicities were represented at 7.2%, 3.6%, 4.8%, and 2.4% respectively. Some 10.8% of 
participants did not specify an ethnicity. 
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2.8.2 Cephalometric Measurements 
The mean cephalometric measurements of the sample are presented in Table 2.4. 
Table 2.4 Mean (SD) cephalometric measurements by sex (N=83)a 
Variable Sex Total (n =80) 
Male (n = 35) Female (n = 45) 
Upper lip length (mm) 21.1 (1.6)** 19.6 (1.7) 20.3 (1.8) 
Lower lip length (mm) 32.0 (3.4)* 29.8 (3.8) 30.8 (3.8) 
Upper lip thickness (mm) 14.1 (1.6)** 12.3 (1.4) 13.1 (1.8) 
Lower lip thickness (mm) 11.3 (1.4)* 10.6 (1.3) 10.9 (1.4) 
Upper lip curve depth (mm) 1.9 (0.7) 2.0 (0.7) 1.9 (0.7) 
Lower lip curve depth (mm) 6.2 (2.0)* 5.4 (1.4) 5.7 (1.7) 
Nasolabial angle (°) 104.4 (11.3) 104.5 (9.7) 104.5 (10.4) 
ANB (°) 4.1 (2.5) 3.8 (2.7) 3.9 (2.6) 
FMPA (°) 22.1 (5.4) 21.9 (5.1) 22.0 (5.2) 
UI Angle 110.9 (10.0) 108.8 (7.8) 109.8 (8.8) 
LI Angle 89.5 (5.8) 90.6 (8.0) 90.1 (7.1) 
aMissing cephalometric measurements for 3 participants 
*p  0.05; **p  0.01 
Males had significantly longer and thicker upper and lower lips than females. Males also had 
significantly deeper lower lip curves than females. 
The mean value of ANB for the investigated sample was 3.9 ± 2.6°, corresponding to a 
skeletal Class I classification. The mean value of FMPA was 22.0 ± 5.2°, corresponding to 
normodivergence. The average upper and lower incisor angles were 109.8 ± 8.8 and 90.1 
± 7.1 respectively. 
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2.8.3 Myotonometric Measurements 
2.8.3.1 Measurement Error of Myotonometry for assessment of 
the orbicularis oris 
Measurement differences of tone, stiffness, and decrement measurements taken one week 
apart are shown in Figures 2.4, 2.5, and 2.6 respectively. The only measurement that varied 
between weeks was muscle tone, which showed a statistically significant but clinically 
irrelevant reduction over time (-1.7%; F=7.4; p=0.007). 
 There were no significant differences found between replicates for any other 
measurement and replicates were remarkably consistent over time (F=0.07; p=0.929).  
 
Figure 2.4  Muscle tone measurements taken one week apart, with error bars signifying 
95% confidence interval 
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Figure 2.5  Stiffness measurements taken one week apart, with error bars signifying 
95% confidence interval 
 
 
Figure 2.6 Decrement (inverse of elasticity) measurements taken one week apart, with 
error bars signifying 95% confidence interval 
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2.8.3.2 Tone 
The mean values (± 95% CI) of muscle tone, as represented by frequency (Hz) for the five 
measured points are summarised in Figure 2.7. 
Muscle tone differed significantly between anatomical landmarks (F=692.8; p  0.001). Post-
hoc comparisons indicated that muscle tone at the thenar eminence and the lower lip were 
not different (p=0.19). The thenar eminence and the lower lip had significantly higher tone 
than all upper lip measurements (p<0.001). The central upper lip landmark had significantly 
more tone than the left and right upper lip landmarks (p<0.001). There were no significant 
differences between the upper left and upper right lip landmark (p=0.092) 
2.8.3.3 Stiffness 
The mean stiffness for the five anatomical points investigated is summarised in Figure 2.8. 
 
Figure 2.7  Marginal means of muscle tone (Hz) at each anatomical landmark, with 
error bars signifying 95% confidence intervals 
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Figure 2.8  Marginal means of muscle stiffness (N/m) at each anatomical landmark, with 
error bars signifying 95% confidence intervals 
Stiffness differed significantly between anatomical landmarks (F=218.9; p0.001). There 
were no significant differences between the measurements of the upper lip (OCS, OLS, 
ORS). The lower lip landmark (OCI) was significantly stiffer than all other measurements 
(p0.001). 
2.8.3.4 Elasticity 
The mean elasticity, represented as the inverse of the variable “decrement,” for the five 
measured points is summarised in Figure 2.9. A higher value for decrement represents a 
lower tissue elasticity. 
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Figure 2.9  Marginal means of muscle decrement at each anatomical landmark, with 
error bars signifying 95% confidence intervals 
Elasticity differed significantly between anatomical landmarks (F=159.5; p0.001). The 
thenar eminence was significantly more elastic than the lip measurements (p0.001). The 
central upper lip was more elastic than the right upper lip (p=0.006). There were no other 
significant differences between lip measurements. 
2.8.4 Soft-Tissue Properties by Demographic Characteristics 
The soft-tissue properties of the upper lip and lower lip, represented by OCS and OCI 
respectively, by demographic characteristics are shown in Table 2.5. The patient ages were 
divided into tertiles, while the BMI was divided into underweight, overweight, and healthy 
weight based on World Health Organisation guidelines.
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Table 2.5  Soft-tissue properties (SD) by demographic characteristic (N=83)a 
Variable 
Sex  Age  BMI 
Male Female  Low Average High  Under Healthy Over 
Soft-Tissue Property (Upper-Lip) 
 
Tone 
(Hz) 19.6 (1.4)** 20.4 (1.6) 
 
20.2 (1.5) 19.8 (1.7) 20.1 (1.4) 
 
19.6 (1.5)** 20.6 (1.4) 19.5 (1.6) 
Stiffness 
(N/m) 362.5 (54.7)** 398.4 (76.2) 
 
398.9 (64.4) 372.7 (86.6) 377.9 (54.1) 
 
378.7 (72.3)** 397.8 (68.0) 352.8 (60.9) 
Decre-
ment 1.53 (0.17)* 1.57 (0.12) 
 
1.58 (0.12) 1.51 (0.14) 1.56 (0.16) 
 
1.55 (0.16)* 1.58 (0.13) 1.50 (0.14) 
Soft-Tissue Property (Lower-Lip) 
 
Tone 
(Hz) 23.9 (2.3)** 25.6 (2.2) 
 
24.8 (2.0)** 25.3 (2.4) 24.4 (2.7) 
 
24.6 (2.2)** 25.2 (2.4) 24.5 (2.7) 
Stiffness 
(N/m) 487.3 (69.4)** 538.0 (68.9) 
 
515.0 (56.6)** 529.4 (79.6) 505.3 (80.3) 
 
518.0 (68.0) 516.2 (70.1) 514.6 (93.0) 
Decre-
ment 1.53 (0.14) 1.53 (0.11) 
 
1.55 (0.12)** 1.50 (0.12) 1.53 (0.13) 
 
1.52 (0.12)** 1.55 (0.12) 1.48 (0.12) 
aData missing for one replicate of OCI for one participant 
*p  0.05; **p  0.001 
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The muscle tone and stiffness of the upper lip were significantly higher in females than in 
males (F=26.0, p0.001 and F=19.8, p0.001 respectively), while elasticity of the upper lip 
was lower in females than in males (F=3.8, p=0.05). The muscle tone and stiffness of the 
lower lip was also significantly higher in females than in males (F=37.5, p=0.000 and F=31.3, 
p0.001 respectively). 
The muscle tone, stiffness, and elasticity of the lower lip were significantly higher in the 
“middle” age group than in both the older and younger subsets (F=7.3, p0.01; F=5.4, p
0.001; and F=8.3, p0.00 respectively). There were no significant differences in tone, 
stiffness, or elasticity between age groups for the upper lip. 
The muscle tone and stiffness of the upper lip was significantly higher in individuals with a 
healthy BMI than in both over- and underweight individuals (F=20.0, p=0.00; and F=7.1, 
p=0.001 respectively), while the elasticity of the upper lip was lower in participants with a  
healthy BMI than in those with a higher or lower BMI (F=5.5, p=0.005). The muscle tone 
of the lower lip was higher (F=8.3, p0.001) while elasticity was lower (F=6.6, p=0.002) in 
individuals with a healthy BMI than both over- and underweight individuals. 
2.8.5 Soft-Tissue Properties and Soft-Tissue Cephalometry of the Upper 
and Lower Lips 
The points OCS and OCI were selected to represent the upper and lower lip respectively, 
as they are the points that most accurately correspond to the midline-profilometric view 
of a lateral cephalogram. 
The correlation coefficients between soft-tissue properties and soft-tissue cephalometric 
measurements of the upper and lower lips (represented by landmarks OCS and OCI 
respectively) are shown in Table 2.6. 
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Table 2.6 Pearson correlation coefficients (p-value) of soft-tissue properties of the upper 
and lower lips and cephalometric measurements (N=83)a 
Variable 
Soft-Tissue Property of the Upper Lip 
Tone Stiffness Decrement 
Upper Lip    
Length 0.012 (0.913) 0.109 (0.335) 0.031 (0.784) 
Thickness -0.419 (0.000)*** -0.413 (0.000)*** -0.170 (0.133) 
Curve depth -0.037 (0.741) -0.038 (0.739) 0.008 (0.945) 
Nasolabial angle 0.000 (0.999) -0.057 (0.613) -0.005 (0.967) 
UI angulation 0.067 (0.554) 0.082 (0.471) 0.115 (0.310) 
Lower Lip    
Length -0.106 (0.350) -0.002 (0.986) -0.177 (0.116) 
Thickness 0.007 (0.952) -0.076 (0.504) -0.301 (0.007)** 
Curve Depth -0.193 (0.087) -0.109 (0.334) -0.002 (0.983) 
LI angulation 0.131 (0.246) 0.113 (0.319) -0.137 (0.224) 





There was no correlation between soft-tissue properties and upper lip length, curve, 
nasolabial angle, or upper incisor inclination. Conversely, muscle tone and stiffness were 
negatively correlated with upper lip thickness, with coefficients of determination (i.e. R2) 
amounting to 17.5% and 17.1% respectively. This implies that thicker lips have lower tone 
and stiffness than thinner lips. There was no significant correlation between elasticity and 
upper lip thickness, although thicker lips appeared to be more elastic than thinner lips (r=-
0.17; p>0.05).  
Tone, stiffness, and elasticity of the lower lip were not related to the length, thickness, curve 
depth, or lower incisor inclination. There was a negative correlation between the lower lip 
elasticity and thickness, indicating that thicker lips are more elastic than thinner lips. The 
coefficient of determination was 9.1%. 
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2.8.6 Soft-Tissue Properties and Sagittal Jaw Relationship 
Multivariate analyses were adjusted for sex, age, BMI, and ethnicity. The column heights 
represent the marginal means, with the error bars representing the 95% confidence limit. 
2.8.6.1 Muscle Tone 
The relationship between the tone of the upper (OCS) and lower (OCI) lips and the 
sagittal jaw relationship as represented by the ANB angle is shown in Figure 2.10. 
Muscle tone of both the upper and lower lip differed significantly between ANB groups 
(F>4.70; p  0.038). The tone of the lower lip was similar for Class I and Class II, but lower 
for Class III (p=0.004). The tone of the upper lip was also lower in Class III participants 
than in Class I participants (p = 0.038).  
 




The relationship between the stiffness of the upper (OCS) and lower (OCI) lips and the 
sagittal cephalometric classification is shown in Figure 2.11. 
Stiffness of the upper and lower lips differed significantly between ANB groups (F>4.7; p 
 0.05). 
Stiffness was similar for Class I and II, but significantly lower for Class III in both the upper 
and lower lips (p  0.04). 
 
2.8.6.3 Elasticity 
The relationship between the elasticity, represented as the inverse of the variable 
decrement, of the upper (OCS) and lower (OCI) lips and the sagittal jaw relationship is 
shown in Figure 2.12. 
Figure 2.11  Stiffness by sagittal jaw relationship with error bars signifying 95% confidence 
intervals 
 55 
No significant differences of elasticity of lip landmarks were found between the different 
sagittal groups (F  1.83; p  0.167). 
2.8.7 Soft-Tissue Properties and Vertical Jaw Relationship 
The relationship between soft-tissue properties and vertical jaw relationship, as represented 
by FMPA is shown in Figures 2.13=2.15. 
There were no significant differences in tone between the upper and lower lip of the three 
groups with different vertical features. There was only one significant difference in stiffness 
between the three groups. The stiffness of the upper lip, but not the lower lip, was 
significantly higher in hyperdivergence compared to hypodivergence (p=0.04). The 
elasticity of the upper lip, but not that of the lower lip (p=0.768), was significantly lower in 
hyperdivergent individuals than in both normodivergent and hypodivergent ones (p=0.023; 
p=0.032 respectively). There were no differences in the lower lip for any of the three soft-
tissue properties (p>0.05). 
Figure 2.12  Decrement (inverse of elasticity) by sagittal jaw relationship with error bars 




Figure 2.14  Stiffness by vertical jaw relationship with error bars signifying 95% 
confidence intervals 





This study aimed to determine the reliability of a soft-tissue digital palpation device for 
assessment of the orbicularis oris muscle, and to investigate the relationship between soft-
tissue properties, sex, age, body mass index (BMI) and cephalometric variables. The 
hypothesis that the perioral soft-tissues would be influenced by sex was confirmed by this 
study, with higher tone and stiffness of the upper lip found in females. The hypothesis that 
the perioral soft-tissue properties would be influenced by BMI was partially confirmed by 
this study, with lower tone and stiffness of the upper lip found in individuals with a higher 
BMI. Interestingly lower tone and stiffness was also found in underweight participants. 
Upper lip tone and stiffness was strongly negatively correlated with lip thickness, while the 
elasticity of the lower lip was higher in thicker lips, confirming the hypothesis that thicker 
lips would have lower tone and stiffness. Contrary to our expectation, sagittal craniofacial 
morphology had a marked influence on soft-tissue properties, with less tone and stiffness 
found in Class III individuals than Class I and II individuals. Vertical craniofacial morphology 
had less of an influence on the soft-tissue properties than expected. The stiffness of the 
upper lip was found to be higher in hyperdivergence compared to hypodivergence, while 
Figure 2.15  Decrement (inverse of elasticity) by vertical jaw relationship with error bars 
signifying 95% confidence intervals 
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the elasticity of the upper lip was found to be lower in hyperdivergent individuals than in 
both normodivergent and hypodivergent ones. There were no differences in the soft-tissue 
properties of the lower lip between any of the three vertical craniofacial morphology 
categories. 
2.9.1 Study Limitations 
The present study has several limitations which should be taken into account prior to 
discussing the findings. First, the data is based on a convenience sample of pre-treatment 
orthodontic patients, limiting the external validity of the results. Given the novelty of the 
study, it was difficult to find preliminary data to undertake a sample size estimation, 
therefore the sample size may not be large enough to allow for statistically significant and 
clinically meaningful findings. This study is also cross-sectional in nature, which precludes 
any inference on the cause-effect relationship of the findings. 
Participants were not standardised for prior perioral musculature activity, and evidence of 
non-participation of the perioral musculature was not confirmed at the time of 
measurement. The amount of contractile activity within the muscle has an effect on all 
measurements, and is difficult to control for (Agyapong-Badu et al., 2018). Several studies 
have used concurrent EMG recordings to confirm non-participation of the muscle being 
measured, which could be an improvement on the current methodology for future 
application (Chu et al., 2009; Seibel & Barlow, 2007; Simons & Mense, 1998). Previous 
activity influences the measurements of tone and stiffness, but not elasticity (Agyapong-
Badu et al., 2018). It is very difficult to precisely control for previous activity in limb muscles, 
and is almost impossible for the perioral soft-tissues, which are activated for speech and 
facial expression. It is also difficult to measure and control for other parameters that may 
affect measurements, particularly lip posture in patients without a passive lip seal 
(Agyapong-Badu et al., 2018). 
2.9.2 Study Strengths 
Although several limitations must be taken into account when interpreting the results, this 
study also has several strengths. At the time of writing, the methodology is novel as there 
have been no perioral myotonometric measurements taken on an orthodontic sample in 
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the literature. This is the first study to attempt to assess the soft-tissue properties of the 
orbicularis oris and their relationship to cephalometric features. The multivariate analysis has 
been adjusted for possible confounders such as age, sex, BMI, and ethnicity. 
2.9.3 Findings 
2.9.3.1 Reproducibil ity of Myotonometry for measurement of 
the Orbicularis Oris Muscle 
Myotonometry of the orbicularis oris was highly reproducible both within and between 
measurement sessions. The only significant difference was of muscle tone between weekly 
measurements. Although this difference was statistically significant, the 1.7% reduction in 
Tone between the two measurements could be considered clinically insignificant, and could 
be attributed to learning bias among the participants. There was no overall effect of 
replicates taken during one session.  
2.9.3.2 The Sample 
Despite being a non-randomised convenience sample, the study sample appears to have 
an acceptable degree of external validity. The mean sagittal classification was Class I, and 
the mean vertical classification was normo-divergent. Both the mean sagittal and vertical 
classifications had relatively large standard deviations indicating variability within the sample. 
The sample could therefore be considered representative of an “average” orthodontic 
population while still including participants of varying morphologies. 
Males in the sample were found to have longer and thicker upper and lower lips than 
females, and with more lower lip curve depth. This is most likely explained by the tendency 
for males to be larger in stature than females. 




The lower lip had more tone and stiffness than the upper lip overall. This may be due to 
the differing anatomy of the upper and lower lips, with the upper lip being draped from 
superior structures, while the lower lip must maintain an anti-gravity function to obtain lip 
competency (Seibel & Barlow, 2007). 
The central upper lip had more tone than the left and right upper lip. This finding differs 
from Myoton studies on limb muscles, where measurements further from the centre of a 
muscle tend to have higher tone readings due to interferences from fascia and tendons 
(Agyapong-Badu et al., 2018). This can be explained by the anatomical differences between 
the soft-tissue borne orbicularis oris, and the bony attachments of limb muscles. 
Effect of sex, age, and BMI 
Lip stiffness and tone of both the upper and lower lips were higher in females than males. 
This is in agreement with previous Myoton studies on the perioral tissues, and may be 
explained by the higher proportions of adipose tissue in female lips, which has a higher 
stiffness than relaxed skeletal muscle (Dietsch et al., 2015). 
There was no dose-response relationship between age and soft-tissue properties of the 
upper lip, however the lower lip had more tone, stiffness, and elasticity in the “middle” age 
group than in both the older and younger subsets. This does not follow the trends noted 
in previous studies on orofacial muscles, where older participants tended to have higher 
stiffness and tone due to sarcopenia, fibrosis, lipomatosis, and less tissue thickness (Dietsch 
et al., 2015). This study sample, however, included very few adults above the age of 30, 
acting as outliers, therefore these results should be interpreted with caution. 
Individuals with a healthy BMI had significantly more tone and less elasticity of the upper 
and lower lip than both overweight and underweight individuals. The lower lip also had 
more stiffness in healthy BMI individuals. The lack of correlation between increasing and 
decreasing BMI and soft-tissue properties may be explained by interferences of adipose 
tissue in over-weight individuals and underlying hard-tissue due to lower tissue thickness in 
underweight individuals (Dietsch et al., 2015). 
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Since the soft-tissue properties of the orbicularis oris were influenced by sex, age, and BMI, 
it is important to control for these factors in multivariate analyses before making inference 
on their relationship with craniofacial traits and cephalometric measurements. 
Soft-tissue properties and soft-tissue cephalometric measurements 
Lip thickness appeared to be the only soft-tissue cephalometric measurement that was 
correlated to the soft-tissue properties of the lips. Thinner lips were more tonic and stiffer 
than thicker lips. Thinner lower lips were found to be less elastic than thicker lower lips. 
Thinner upper lips also appear to be less elastic than thicker lips, but the correlation did 
not reach statistical significance. The univariate correlation between lip thickness and muscle 
tone and stiffness is relatively strong, explaining 17-18% of the variability in lip muscle tone. 
The significant relationship between soft-tissue properties and lip thickness validates the 
cephalometric measurement of lip thickness as proxy of lip tone and stiffness. There are 
several methods of measuring lip thickness, all with the limitation that they are a two-
dimensional measurement of a three-dimensional, dynamic structure. These results are 
limited to the cephalometric measurement of lip thickness used in this study. Another 
limitation of these findings is that they have not been adjusted for sex and BMI, which may 
act as confounders.  
Soft-tissue properties and sagittal classification 
Class III participants had less lower lip tone and less stiffness of both lips than Class I and 
Class II participants. This was an unexpected finding of this study, as we hypothesised that 
the perioral soft-tissue properties would not be influenced by sagittal craniofacial 
morphology. The different mechanical properties of upper and lower lip in Class III 
individuals may either be a cause or a consequence of the underlying malocclusion, and the 
cross-sectional nature of this study does not allow a definitive conclusion on the clinical 
significance of this finding. A cone-beam-tomography study has found that the upper lips 
of Class III individuals tend to be thicker than Class I and Class II individuals (Jazmati et al., 
2016), which may explain this finding, as our study has found that thinner lips are stiffer and 
hypertonic. A separate analysis of the lip-thickness by sagittal classification in our sample 
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had consistent findings with regard to lip thickness and sagittal classification. Further 
research is required to investigate this finding further. 
Soft-tissue properties and vertical classification  
All of the soft-tissue property differences between vertical classifications were confined to 
the upper lip. There were no differences between the lower lip measurements for any 
vertical skeletal classification. The upper lip of hyperdivergent study participants was slightly 
but significantly stiffer than hypodivergent patients, and was significantly less elastic than 
both normodivergent and hypodivergent patients.  
It was anticipated that vertical craniofacial morphology would have more of a stronger 
influence on the soft-tissue properties of the lips, as clinically it is often noted that 
hyperdivergent patients seem to have thin, straight, tense lips. The myotonometric 
measurements in this study, however, were taken in a relaxed lip position, perhaps 
suggesting that at rest, the lips of a hyperdivergent patient do not differ greatly from 
hypodivergent and normodivergent lips. FMPA was chosen to represent the vertical 
craniofacial morphology, accepting issues with landmark identification of the double 
structures porion and orbitale. All cephalometric divergence measures have strengths and 
limitations, with the Frankfort plane having the advantage of being independent to cranial 
base inclination. 
2.10 Conclusions 
Myotonometry is a valid and reliable tool for measuring the soft-tissue biomechanical 
properties of the perioral soft-tissues. The perioral soft-tissue properties were influenced 
by sex, BMI, clinical characteristics, craniofacial morphology, and cephalometric lip 
measurements. The upper and lower lip vary both in their individual soft-tissue 
biomechanical properties, and also in the way these properties are influenced by certain 
variables. The lower lip is stiffer and has higher tone than the upper lip. Both the upper and 
lower lip stiffness and tone were higher in females, while upper lip elasticity was higher in 
males. Thinner upper lips have higher tone and are stiffer than thicker upper lips, while 
thinner lower lips are less elastic than thicker lower lips. Lip tone and stiffness are lower in 
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Class III than Class I and Class II individuals. The upper lip of hyperdivergent individuals is 
slightly stiffer and more elastic than that of hypodivergent individuals. Considering the 
findings of this study, myotonometric measurements could be used in future longitudinal 
studies to enhance our understanding of the cause-effect relationships between 
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Introduction: There have been numerous attempts to quantify the facial response to 
orthodontic treatment. Historically these studies have used pre- and post-treatment lateral 
cephalograms to assess two-dimensional changes in the facial profile. Due to advances in 
computer assisted design and manufacturing, three dimensional facial assessment, and 
myotonometry, it is now possible to digitally advance retracted incisors to their original 
position. This allows for the assessment of both an individual’s response to treatment, as 
well as the relationship of the soft-tissue properties to the observed response. 
Objectives: The research objectives were to a) superimpose pre-treatment and post-
treatment study casts to assess dentoalveolar changes due to orthodontic treatment, and 
b) develop a non-invasive method to investigate the 3D facial changes following 
orthodontic treatment involving premolar extractions and incisor retraction. 
Materials and Methods: This is a proof of concept study. The sample consisted of 
orthodontic patients of the University of Otago Faculty of Dentistry with completed 
orthodontic treatment including upper premolar extractions and incisor retraction to 
correct an increased overjet. The pre- and post-treatment study casts were digitally 
superimposed and a stent fabricated to reconstruct the pre-treatment overjet. 
Stereophotogrammetric images of the face with and without the stent in situ were 
superimposed and soft-tissue changes measured. A digital palpation device was used to 
measure the soft-tissue properties of the orbicularis oris. 
Results: The methodology developed in this chapter is appropriate for assessing the facial 
outcome of incisor retraction greater than 4mm. There was a wide variation of facial 
responses between the small sample size. In all participants, the amount of lip retraction 
was less than the amount of incisor retraction. 
Conclusions: This novel approach shows promise for contributing to current knowledge on 
the facial effects of orthodontic treatment. It appears as though lip retraction does not 
follow incisor retraction closely, although a larger sample size is required to confirm this. 
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3.2 Introduction 
The potential for incisor retraction to alter facial aesthetics has led to a concern that 
orthodontic camouflage, particularly involving premolar extractions, will lead to opening of 
the nasolabial angle, flattening of the lip curves, dishing in of the profile, and premature 
ageing of the face (Arnett & Bergman, 1993a; Arnett et al., 1999; Holdaway, 1983). This 
has led to some belief that incisor retraction should only be considered in cases with true 
bimaxillary protrusion, and never to camouflage mandibular retrusion (Arnett & Bergman, 
1993a; Hodgkinson et al., 2019). In recent years, this has led to a dichotomisation of 
treatment beliefs, with some practitioners promoting surgery to correct moderate 
anteroposterior discrepancies that cannot be corrected without retracting incisors despite 
evidence that both surgery and orthodontic treatment result in acceptable soft-tissue 
profiles in borderline Class II patients (Cassidy Jr et al., 1993).  
There have been numerous attempts to define a linear relationship between hard and soft-
tissue changes (Hayashida et al., 2011; Hodges et al., 2009; Holdaway, 1983; Kasai, 1998; 
Konstantonis et al., 2018; Kuhn et al., 2016; Mirabella et al., 2008; Omar et al., 2018; Rains 
& Nanda, 1982; Ramos et al., 2005; Solem et al., 2013; Waldman, 1982; Yasutomi et al., 
2006; Yogosawa, 1990). The majority of this literature is based on retrospective 
cephalometric studies of varying methodology and patient parameters (Almurtadha et al., 
2018; Bishara et al., 1997; Bowman & Johnston, 2000; Bravo, 1994; Bravo et al., 1997; Janson 
et al., 2016; Konstantonis, 2012; Kouli et al., 2019; Luppanapornlarp & Johnston, 1993; 
Nanda & Nayak, 2018; Paquette et al., 1992). These variations are particularly relevant 
when considering the clinical justification of premolar extractions. Incisor retraction would 
not be expected in a severely crowded case with premolar extractions, whereas it would 
for a non-crowded case with proclined incisors and an increased overjet. The general 
consensus is that treatment with premolar extractions tends to result in varying amounts 
of localised perioral changes, including lip retraction, increased nasolabial angle, and a 
thickening of the upper lip (Konstantonis et al., 2018). It is generally acknowledged that in 
the majority of cases, the profile is either maintained or improved, with no studies 
demonstrating that a dished in profile is to be expected (Leonardi et al., 2010). The 
conflicting methodologies of previous studies preclude definitive, clinically relevant 
conclusions on the soft-tissue effect on incisor retraction.(Hodgkinson et al., 2019). 
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Due to advances in computer assisted design and manufacturing, three-dimensional facial 
assessment, and myotonometry, it is now possible to digitally advance retracted incisors to 
their original position, allowing for assessment of an individual’s response to their specific 
treatment, in addition to investigating the influence of the individual’s soft-tissue properties 
on their response to treatment. 
3.3 Aims and Objectives 
3.3.1  Aims 
I. To investigate whether the reconstruction of the original overjet of an orthodontic 
case treated with premolar extractions and incisor retraction is associated with a 
clinical meaningful change in lip position and profile. 
II. To investigate whether the perioral soft-tissue viscoelastic properties can predict 
these soft-tissue changes. 
3.3.2 Objectives 
IV. To superimpose pre-treatment and post-treatment study casts for assessment of 
dentoalveolar changes. 
V. To develop a non-invasive method to assess the 3D facial changes based on 
retrospective information collected before and after orthodontic treatment 
involving premolar extractions. 
3.3.3 Research Approach 
The pilot study was undertaken in two phases. First, the development of a novel method 
for the development of a customised stent to simulate pre-treatment dental protrusion. 
Second, the establishment of a method to measure facial changes and soft-tissue properties 
following orthodontic treatment with extraction. 
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3.4 Study Sample 
Patients were selected from the archive of orthodontic patients treated at the University 
of Otago’s Faculty of Dentistry according to the following inclusion criteria: treatment with 
maxillary premolar extractions and at least 4mm of maxillary incisor retraction measured 
from the incisal edge; cervical vertical stage (CVS) on the pre-treatment lateral cephalogram  
 4; treatment completed within the last five years, but at least six months prior to inclusion 
in the study; and good quality baseline pre-treatment study casts available. 
The following conditions were considered exclusion criteria: any pre-existing soft-tissue 
anomaly affecting the profile (e.g. cleft-lip repair, trauma); any missing teeth other than third 
molars at baseline; any facial surgery including orthognathic or facial plastic surgery; and any 
previous treatment by functional appliances. 
Completed cases of the seventeen most recent orthodontic postgraduate students were 
screened using extraction pattern and pre-and post-treatment photographic records. From 
this sample, thirty-eight eligible patients were identified with good quality study casts with 
detailed palatal rugae capture available in the department. These thirty-eight pre-and post- 
treatment study casts were then digitised using a Trios (Trios 3 Pod, 3Shape, Denmark) 
dental scanner, superimposed using the method outlined below, and the amount of upper 
incisor retraction was measured. Some nineteen participants were identified as having an 
acceptable amount of incisor retraction for the study. Of these, only nine commenced 
treatment following peak mandibular growth and were not treated with functional 
appliances. Of the nine, three participants consented to participate in the study. Examples 
of scanned and superimposed study casts that did not meet the incisor retraction threshold 
are shown in Figure 3.1. Case A was treated with extraction of four first premolar teeth, 
and exhibited only 2mm of incisor retraction due the majority of extraction spaces being 
utilised for relief of crowding. Case B was treated with extraction of upper first premolar 
teeth only, and although there was only minor pre-treatment crowding, most of the 
extraction space has been utilised by mesialisation of the posterior teeth, with the overjet 




Participant one was 22 years old at the time of participation. She was treated with 
extraction of upper first premolars and Class II mechanics for correction of a 9mm overjet. 
Treatment time was 28 months. Participant two was 17 years old at the time of 
participation. She was treated with extraction of upper first premolars and Class II 
mechanics for correction of a 9mm overjet. Treatment time was 24 months. Participant 
three was 29 years old at the time of participation. She was treated with extraction of 
upper first premolars and a combination of Class II mechanics and Class I mechanics using 
skeletal anchorage. Treatment time was 32 months. Pre-treatment clinical records for each 
patient can be found in the appendices. 
  
Figure 3.1  Examples of study cast superimposition not meeting eligibility criteria 
3.5 Materials and Method 
3.5.1 Soft-Tissue Digital Palpation Device 
Myotonometry uses the damped natural oscillation of biological tissues to measure soft-
tissue properties. The Myoton (MPRO, Myoton AS, Tallinn, Estonia) is a digital palpation 
device that records the damped natural oscillation in the form of an acceleration signal. The 
device is handheld, wireless, non-invasive, and painless, and can be used to objectively 
measure  the viscoelastic and biomechanical properties of superficial soft-tissue. Details of 






3.5.2 Three-dimensional stereophotogrammetry 
3D stereophotogrammetry is an advance in 3D facial registration technology that is faster, 
less bulky, and safer than more traditional laser facial scanners, and without the radiation 
exposure of cone beam computed tomography (Islam et al., 2015; Weinberg & Kolar, 
2005). 3dMD technology has been shown in the literature to be accurate and precise 
enough for use in craniofacial research and clinical applications, even when compared to 
direct anthropometry (Aldridge et al., 2005; Baysal et al., 2016; Dindaroğlu et al., 2016; 
Weinberg et al., 2006; Weinberg et al., 2004). The 3dMDtrio system (3dMD.trio, 3dMD 
LLC, Atlanta, GA, USA) is shown in Figure 3.2. This system uses three units of nine cameras 
to capture ear-ear (200 degree) 3D images, generating a continuous 3D polygon surface 
mesh.The 3dMD surface imaging system is one of the fastest capturing devices available, a 
distinct advantage, as movement of the participant may alter the accuracy of results (Tzou 
et al., 2014).  3dMDvultus Software (3dMDvultus, 3dMD, Atlanta, GA, USA) allows for 3D 
visualisation, linear and volumetric measurement, and ICP algorithmic superimposition of 
3D images. 
 
Figure 3.2 The 3dMDtrio System (source: www.3dmd.com) 
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3.5.3 Study Procedure 
3.5.3.1 Procurement of digital study casts 
The participant’s pre-treatment study cast, and their current (post-treatment) dentition 
were scanned using an intra-oral 3D scanner (Trios 3 Pod, 3Shape, Denmark). 
Both the pre-treatment maxillary cast, and the current (post-treatment) maxillary casts 
were digitally based using orthodontic analysis software (3Shape Orthoanalyzer, Kulzer, 
Hanau, Germany) and were exported as stereolithography (stl.) files. 
3.5.3.2 Superimposition of the pre-treatment and post-
treatment digital study casts 
The post-treatment study cast was imported into 3D mesh software (Meshlab v1.3.4, ISTI 
– CNR, Pisa, Italy) and cropped down to the third palatal rugae for use as a stable reference 
point (Figure 3.3) (Ali et al., 2016; Almeida et al., 1995; Chen et al., 2011; Christou & 
Kiliaridis, 2008; Hoggan & Sadowsky, 2001; Vasilakos et al., 2017). The post-treatment third 
palatal rugae was then exported as a separate stl. file. 
  Figure 3.3 Post-treatment digital cast (A) cropped down to the region of the third palatal rugae (B) 
The post-treatment third palatal rugae and the pre-treatment study cast were then 
imported into Meshlab and the pre-treatment study cast was registered to the post-
treatment third palatal rugae using 30-point-based raw matching (Figure 3.4), fine matching, 
and iterative closest proximity (ICP) algorithm (perimeters: sample number 10000, minimal 
A B 
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starting distance 10, target distance 0.005, max iteration number 1000000, MSD reduce 
factor 0.8, sample cut high 0.75). The quality of the superimposition was then assessed 







Figure 3.4 The pre-treatment and cropped post-treatment digital casts side-by-side (A), 





Figure 3.5 Superimposition of the pre-treatment and cropped post-treatment digital casts 
The post-treatment study cast matrix was then “frozen” in its registered position and 
exported as a separate stl. file. 
The registered pre-treatment study cast was then imported into Meshlab with the original 
post-treatment study cast. This generated a mesh containing the pre-treatment study cast 




  Figure 3.6 The pre- and post-treatment digital casts superimposed, and registered on the 
region of the third palatal rugae 
It was then confirmed that the overall changes between pre- and post-treatment casts 
were clinically realistic. The change in incisor position between casts was then assessed and 
measured. As mentioned in the inclusion criteria, a change of incisor position less than 4mm 
was deemed inappropriate for the study. 
3.5.3.3 Laboratory-Based Fabrication of the Customised Stent 
The superimposed casts were then 3D printed together as one model, with a separate 
copy of the post-treatment cast. Both the superimposed cast and the post-treatment cast 
were duplicated twice (to account for any chipping or breakage) in dental stone (Hinridur, 
Ivoclar Vivadent, New Zealand). A 0.7mm hard polycarbonate Essix-type retainer 
(Durasoft, Scheu Dental Technology, Germany) was vacuum formed onto a duplicate of 
both the superimposed cast, and the post-treatment cast (Figure 3.7). 
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 Figure 3.7 3D printed copies of the post-treatment cast and superimposed casts, stone duplicates, and vacuum formed retainers. 
The clear retainer of the post-treatment cast was trimmed distal to the canines, at the 
mucogingival junction labially, and at the third palatal rugae palatally. The labial surface was 




 Figure 3.8 Trimming of the post-treatment VFR 
The clear retainer of the superimposed cast was trimmed distal to the canines, between 
the post-and pre-treatment incisors, and at the third palatal rugae palatally. The section of 
retainer was fixed in place using sticky wax (Kerr, Switzerland) (Figure 3.9). 
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 Figure 3.9 Trimming of the superimposed VFR 
A silicone putty impression (Protesil Labor, Vannini Dental Industry, Italy) was taken of the 




Figure 3.10 Impression of superimposed cast with VFR in place 
The impression was then filled with cold-cure acrylic powder and liquid using the “salt and 
pepper technique”. The post-treatment cast with the retainer segment in place was seated 
into the impression and held in place tightly using a rubber band. More powder and liquid 




Figure 3.11 Adding acrylic to the impression (A), embedding the post-treatment cast and 
VFR into the acrylic (B), overfilling around the embedded cast secured with rubber bands 
(C), the post-treatment cast with added acrylic ready for curing (D). 
The post-treatment cast, retainer, acrylic, and impression were placed into a pressure 
polymerisation unit (Palamat elite, Kulzer GmbH, Hanau Germany) at 45°C for 15 minutes 
to set the acrylic. 
The rubber band and impression were removed to reveal the post-treatment cast with a 
3-3 clear acrylic stent built out to the pre-treatment incisor position. The stent was trimmed 
and polished around the edges to ensure patient comfort. 
A thin coating of Denture Lacquer (Palaseal, Kulzer GmbH, Hanau Germany) was applied 
to the facial surface to ensure a smooth finish without the need for polishing and loss of 
bulk. This was then cured in a photopolymerisation unit (Dentalux 2, Mega-Physik, 
Germany) for 5 minutes (Figure 3.12). 
The result is a retentive stent replicating the exact pre-treatment over-jet without adding 
the labial thickness of the vacuum formed retainer, as by taking the silicone putty impression 





embedded into the stent when the post-treatment cast with the labial vacuum formed 
retainer in-situ is placed into the silicone putty mould. 
  
  
Figure 3.12 Finishing the stent, the raw stent (upper photos), the trimmed stent (lower 







Figure 3.13 The finalised stent on the post-treatment study cast 
The patient was instructed to try in the finalised stent (Figure 3.13) and advise of any 
discomfort. The retention and fit of the stent were assessed, and the stent was adjusted to 
minimise any vertical effects. 
3.5.3.4 3D Facial Imaging 
The 3D stereophotogrammetric imaging unit (3dMD.trio, 3dMD LLC, Atlanta, GA, USA) 
was calibrated. 
Four ink markers were placed on the patient’s lips and myotonometric readings were taken 
using the methodology outlined in Chapter Two. These ink markers were also used as 
landmarks for stereophotogrammetry (Weinberg et al., 2006). 
The patient was positioned in the 3D imaging booth and instructed to place and remove 
the stent with as little movement as possible. One 3D image was taken with the patient in 
natural head position, teeth lightly in occlusion, and lips at rest. A second 3D image was 
taken in quick succession in natural head position, teeth lightly in occlusion, lips at rest, and 
with the stent in situ. Both images were processed, quality assessed, and retaken if 
necessary. 
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3.5.3.5 3D Image Superimposition 
The ‘no stent’ and ‘stent’ 3D facial images were imported into 3D image processing 
software (3dMD Voltus, 3dMD LLC, Atlanta, GA, USA), centred on an x,y,z plot (so that 
the three planes intersect at a point that corresponds with the tragus of the ear, the facial 
midline, and the inferior border of the orbit), and saved individually as tsb. files (Figure 3.14). 
 
Figure 3.14 Alignment of the 3D facial meshes in 3dMD Vultus 
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Both the ‘no stent’ and ‘stent’ tsb. files were imported into 3dMD Vultus and the two 
images registered using the bridge of the nose and lateral zygomatic regions as relatively 
stable facial regions. Registration error was assessed by calculating the root mean square 
(RMS). Any RMS reading higher than 0.5mm was considered significant, discarded, and the 
process repeated. 
Once the two images were registered, the landmarks of interest (the four perioral points 
described in Part One, plus labrale superius and labrale inferius) were demarcated using 
the Landmarking tool. The Comparison tool was then used to calculate the linear difference 
in each position between images in three planes of space. 
The registered tsb. files were then imported into VAM software (Version 2.8.3, Canfield 
Scientific Inc, NJ, USA) and a displacement map of A-P movement was generated, with the 
upper limit in red indicating posterior movements of 4mm or more, the lower limit in blue 
indicating anterior movement of 4mm or more, and green indicating no movement 
according to the coloured scale. 
3.5.4 Data Storage 
Hard-copy consent forms, study models, and stents were kept in secure storage within 
the Faculty of Dentistry and will be retained for 10 years. 
Data spreadsheets, images, and digital study models were stored on a password-
protected clinical laptop within the Faculty of Dentistry. These may be accessed by the 
investigators for future follow-up. 
3.5.5 Funding 
This study was funded by The New Zealand Dental Research Foundation (NZDRF), 
RF8.09 2018). 
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3.5.6 Ethical Approval 
This study was approved by the University of Otago Human Ethics Committee 
(UOHEC(Health)), reference H18/134. 
3.5.7 Māori Consultation 
Consultation with the Ngāi Tahu Research Consultation Committee was Completed in 
December 2018. 
3.6 Results 
3.6.1 Myotonometric measurements 
The myotonometric measurements for participants one, two, and three compared to the 
mean female values established in Chapter Two are shown in Table 3.1. Myotonometric 
measurements that differ from the female norms established in Chapter Two by more than 
one standard deviation are shown in bold. 
Table 3.1 Myotonometric measurements for participants one, two, and three 
 Myotonometric Measurement 
Participant One Two Three Mean Female (SD) 
Lip Upper Lower Upper Lower Upper Lower Upper Lower 
Tone 20.9 23.9 20.5 26.3 19.6 28.2 20.4 (1.6) 25.6 (2.2) 
Stiffness 433.7 515.0 385.9 455.8 376.0 609.0 398.4 (76.2) 538.0 (68.9) 
Decre-
ment 1.64 1.75 1.63 1.64 1.45 1.54 1.57 (0.12) 1.53 (0.11) 
  
The tone of the upper and lower lips for both participants one and two fell within one 
standard deviation of the mean female value for tone established in Chapter Two. The 
stiffness of the upper lip for both participants one and two fell within one standard deviation 
of the mean female value. The stiffness of the lower lip for participant two was lower than 
the mean female value within two standard deviations. The elasticity of the upper lip for 
both participants one and two fell within one standard deviation of the mean female value. 
The decrement of the lower lip for participant one was higher than the mean female value 
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within three standard deviations, indicating less elasticity. The lower lip tone and stiffness 
for participant three was higher than the mean female value within two standard deviations. 
3.6.2 Amount of incisor retraction 









Figure 3.15 Superimposed study casts for participants one (1), two (2), and three (3) 
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The amount of incisor retraction in millimetres (mm), measured at three points on the 
most labially positioned pre-treatment incisor is shown in Table 3.2. 
Table 3.2  Incisor retraction for participants one, two and three 
 Retraction (mm) 
Point Participant One Participant Two Participant Three 
Incisal Edge 4.3mm 4.1mm 7.2mm 
Cervical Margin 2.0mm 1.8mm 2.5mm 
Mucogingival Junction 3.5mm 1.3mm 0.1mm 
 
Participant one and two had 4.3mm and 4.1mm of incisal edge retraction respectively, 
however participant one had more retraction at the mucogingival junction than participant 
two, indicating more root movement in the sagittal plane. Participant three had 7.2mm of 
incisal edge retraction, and no movement of the mucogingival junction. 
3.6.3 Perioral changes following simulated incisor retraction 
Figures 3.16 - 3.18 show the overall experimental clinical profile changes pre-treatment 
with stent in situ and post-treatment without stent, as well as the clinical pre-treatment and 
post-treatment photographs for participants one, two, and three. Two pre-treatment 
images are shown for participant three, due to the pre-treatment lip incompetency both 





Figure 3.16  Clinical pre- and post-treatment photographs (above) and experimental 






Figure 3.17  Clinical pre- and post-treatment photographs (above) and experimental pre- 






Figure 3.18  Experimental pre- and post-treatment images (above) and clinical 
pre- and post-treatment photographs (below) for Participant Three 
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Table 3.3 shows the movements in all three planes of space of the 6 landmark points for 
participants one, two, and three. Measurements for participant three were taken with 
relaxed lip-posture. Figure 3.19 summarises these changes in a displacement map for each 
participant. Note that there is both a relaxed-lip and a closed-lip displacement map for 
Participant three, due to the marked lip-incompetency induced by placement of the stent.  
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Table 3.3 Soft-tissue changes following simulated incisor retraction for participants one, two, and three 
 Change in Position(mm) by Plane of Space 
 Participant One Participant Two Participant Three (Relaxed) 







Lateral Vertical Sagittal Lateral Vertical Sagittal 
Orbicularis Oris Superior Right  0.3 1.0 -1.0 0.6 -0.6 -1.5 0.7 0.2 -3.2 
Orbicularis Oris Superior  0.3 1.3 -1.2 -0.3 -0.9 -1.0 0.3 1.1 -3.7 
Orbicularis Oris Superior Left  -0.3 0.6 -1.0 -0.3 -2.0 -2.3 0.3 0.0 -3.6 
Orbicularis Oris Inferior Central  0.3 0.0 -0.1 -0.1 -2.0 -1.4 0.3 1.8 -1.3 
Labrale Superius 0.3 1.0 -0.7 -0.3 -0.6 -0.3 0.0 0.1 -3.2 
Labrale Inferius 0.6 0.3 -2.1 0.0 -2.8 -0.5 0.0 4.0 -4.0 


















































Figure 3.19  Displacement mapping of participants one (1), two (2), three with 






Following simulation of incisor retraction for Participant One, the orbicularis oris superior right 
(ORS), orbicularis oris superior central (OCS), and orbicularis oris superior left (OLS) moved 
superiorly and posteriorly, with the most marked superior and posterior movement seen on the 
central upper lip. The orbicularis oris inferior central (OCI) did not move vertically, and retracted 
to a lesser extent than the upper lip. Labrale inferius (LI) and superius (LS) moved superiorly and 
posteriorly, with the lower lip retracting markedly more than the upper lip. 
Following simulation of incisor retraction for Participant Two, all points moved inferiorly and 
posteriorly. The OLS and ORS moved inferiorly and posteriorly to a higher degree than the other 
points. LI moved inferiorly to a higher degree than LS. 
Following simulation of incisor retraction for Participant Three, all landmarks moved very subtly 
to the left, superiorly, and posteriorly. The most marked superior movements were of the central 
upper and lower lips, which moved superiorly by 1.1mm and 1.8mm respectively, and the lower 
lip vermillion, which moved 4mm superiorly. The labrale inferius had the most marked retraction 
of 4mm. The four measurements of the upper lip; the left, central, right, and labrale superius, 
retracted 3.2mm, 3.7mm, 3.6mm, and 3.2mm respectively. The least amount of retraction was 
seen at the inferior central orbicularis oris, with 1.3mm of posterior movement. 
3.7 Discussion 
This study aimed to develop a method to assess the facial changes arising from clinically significant 
incisor retraction, and the relationship between the perioral soft-tissue properties and the 
observed changes. Pre- and post- treatment orthodontic study casts were registered to measure 
incisor retraction. A stent to reproduce the exact anatomy of the pre-treatment overjet was 
designed, and a method to assess the facial changes resulting from wearing of the stent has been 
established. The suggested approach has been successfully undertaken in a small post-treatment 
orthodontic sample. 
There was significant variation within the sample with regard to both pre-treatment 
characteristics, and response to treatment. Despite the inter-individual variation, the amount of 
lip retraction was less than the amount of incisor retraction in all three cases. There was no 
pattern between soft-tissue changes and lip properties identified. 
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3.7.1 Study Limitations 
This proof of concept study has a very small sample size. It is, therefore, not appropriate to 
generalise the findings to any population, and a larger sample size is required for meaningful data 
analysis. Upon assessment of many pre-and post-treatment study casts of patients treated with 
maxillary premolar extractions at the University of Otago, it became evident that the majority 
did not meet the study’s strict inclusion criteria. Many maxillary premolar extractions were 
undertaken in the presence of moderate-severe crowding, with the majority of extraction space 
being utilized for alignment of the teeth rather than for retraction of the incisors. Even cases that 
were treated with maxillary premolar extractions for reduction of overjet often resulted in less 
than anticipated incisor retraction, likely due to either or a combination of lower incisor 
proclination due to Class II mechanics, or late mandibular growth. Furthermore, there were very 
few increased over-jet cases treated in grown populations. It appears that many Class II division 
I cases treated with premolar extractions at the University of Otago are commenced and 
completed early in adolescence, perhaps due to the perceived aesthetic burden or increased 
trauma risk of an increased overjet. 
Although the inclusion criteria aimed to minimise the effects of growth by only selecting 
participants who had completed their pubertal growth spurt, the effects of growth could not be 
completely controlled for. It is widely accepted that the soft-tissue integument continues to 
change into late adulthood (Coleman & Grover, 2006; Cotofana et al., 2016). As participation in 
this study occurred years after the pre-treatment study records were taken, there could certainly 
have been some soft-tissue settling and adaptation of the lips to the retracted incisor position, 
which would have an influence on their behaviour with the stent in situ. It must therefore be 
taken into account that the effect of the stent on the lips may be different to how the lips would 
drape if the patient had a naturally increased over-jet. 
Every effort was made to reduce the effect of the splint on the vertical dimension, however, 
completely eliminating the vertical effects was not possible. The vacuum formed retainer was 
cropped as anteriorly as possible so as to limit the bite-raising effect, and it was kept as thin as 
possible, however there was still a minute occlusal interference which theoretically may have 
increased the vertical dimension slightly. This vertical increase was not evident in the 
stereophotogrammetric superimposition however. 
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Superimposition and measurement error have not been quantified in this study, limiting the 
reliability of the findings. However, each superimposition and measurement were taken at least 
three times to ensure a similar outcome. There is scope for future research to quantify the 
reliability of the methodology used in this proof of concept study. 
3.7.2 Study Strengths 
This methodology is the first to quantify the three-dimensional facial changes resulting from incisor 
retraction and concurrently investigate the implication of the perioral soft-tissue properties in the 
magnitude and pattern of these changes. This approach overcomes many limitations of previous 
methodology in the literature, particularly with regard to radiological burden, retrospective 
nature, and 3D analysis. The stent is unique in that it creates an “instant” malocclusion that 
reproduces the exact anatomy of the pre-treatment overjet, allowing for easy, rapid comparison 
of the pre-treatment and post-treatment status. This methodology can be easily carried out in a 
post-treatment population. Given that grown patients treated with premolar extractions for 
incisor retraction are relatively rare, a retrospective study design is well-suited to identify an 
adequate sample size in future research endeavours. 
3.7.3 Findings 
Despite obvious interindividual variability, the amount of upper and lower lip soft-tissue retraction 
was less than the amount of incisor retraction for all participants. Although incisal retraction had 
been measured at three points, only the anterior-most point had been considered when 
comparing the amount of incisor retraction to the amount of soft-tissue retraction (Alkadhi et al., 
2019; Hayashida et al., 2011; Hodges et al., 2009; Kuhn et al., 2016; Ramos et al., 2005; Yasutomi 
et al., 2006). For all participants in this study, the anterior-most incisal point was that of the incisal 
edge. Although it has been established that a lip:tooth ratio to measure the effect of incisor 
retraction on the face is oversimplified, ratios for the participants in this study have been 
calculated as a means of comparison with previous studies. The retraction of the anterior-most 
point of the incisor was compared to the single highest measurement of lip retraction. The upper 
lip to maxillary incisor ratio was 0.3:1, 0.6:1, and 0.5:1 for participants one, two, and three 
respectively. These ratios were slightly lower than the range established in the literature, which 
averaged 0.7:1 (Konstantonis et al., 2018). The lower lip to anterior-most maxillary incisal point 
ratio was 0.5:1, 0.3:1, and 0.5:1 for participants one, two, and three respectively. Again, these 
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ratios fell below the reported range in the literature, which averaged 0.7:1 (Konstantonis et al., 
2018).  
Interestingly, there were no notable differences between the upper lip soft-tissue properties of 
the three participants when compared to the female norms established in Chapter Two. The 
tone, stiffness and elasticity of the lower lip did vary notably between the participants, however. 
The variability between participants can be attributed not only to the amount of incisor retraction 
and the soft-tissue properties, but also to vertical positioning of the lip (Hodgkinson et al., 2019). 
Historically, studies investigating the effect of orthodontic treatment on facial aesthetics have 
relied heavily on two-dimensional lateral cephalometry to assess before and after profiles. Despite 
almost a century of debate, there is still no quantification of the facial changes arising from 
orthodontic treatment. In the literature, the upper lip is widely acknowledged to be more variable, 
less sensitive, and less predictable than the lower lip regarding its response to incisor retraction 
(Hodges et al., 2009; Kasai, 1998; Moseling & Woods, 2004; Solem et al., 2013; Talass et al., 
1987). It has been postulated that this is due to the complex anatomy and structural support of 
the upper lip, compared to the lower lip which relies heavily on the incisors for support (Kasai, 
1998). It is difficult to ascribe the variability between participants in this study to any particular 
factor due to the small sample size. However, the marked differences between the three 
participant’s responses to incisor retraction can be individually discussed. A larger sample size is 
required for meaningful data analysis, however each participant’s findings can be individually 
discussed. 
Participant One 
The anterior-most incisal point, the incisal edge, was retracted 4.3mm, which was similar to the 
amount of retraction at the mucogingival junction, approximating root movement. This indicated 
more of a bodily retraction type of tooth movement. 
All except one myotonometric measurements for participant one fell within one standard 
deviation of the mean female values established in Chapter Two. The lower lip decrement was 
one standard deviation higher than the mean, indicating less elasticity. 
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The most marked upper lip retraction was seen centrally, at 1.2mm. This indicated that for 
participant one, the lip retracted less than the incisor. Interestingly, the lower orbicularis oris only 
retracted 0.1mm, while the labrale inferius retracted 2.1mm; the most of any anatomical landmark 
for this patient. This could be explained by participant one’s lower lip elasticity, or by the vertical 
resting lip position, as a higher resting lower lip position would be more closely associated with 
the maxillary incisor position. Nonetheless, neither the upper or lower lip matched the amount 
of incisal retraction. 
Participant Two 
There was a gradient of retraction along the vertical axis of the incisor, with the incisal edge 
retracting 4.1mm, but the mucogingival junction retracting only 1.3mm. Although the incisal edge 
retracted a similar amount as participant one, the pattern of retraction along the tooth indicates 
more of a tipping type of tooth movement. 
All except one myotonometric measurements for participant two fell within one standard 
deviation of the mean female values established in Chapter Two. The lower lip stiffness was two 
standard deviations lower than the mean. 
The most marked upper lip retraction was seen laterally, with the left and right upper lip retracting 
1.3mm and 0.5mm more than the central upper lip respectively. The lower central orbicularis 
oris retracted more than the labrale inferius, which, along with the labrale superius, retracted the 
least of the six anatomical landmarks. The soft-tissue retraction pattern varied significantly when 
compared to participant one and two, however, they were in agreement that the soft tissues do 
not closely match the amount of incisal retraction. Participant two’s lower lip had less stiffness 
than the female norm, which may account for the lower impact of incisor retraction on the lower 
lip, however this is more likely explained by the resting lower lip vertical position. 
Participant Three 
There was 7.2mm of incisal edge retraction, the highest of the three participants. However, there 
was almost no movement of the mucogingival junction, indicating controlled tipping of the 
incisors. 
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All except one myotonometric measurements for participant three fell within one standard 
deviation of the mean female values established in Chapter Two. The lower lip stiffness was one 
standard deviation higher than the mean, indicating less elasticity. 
Participant three differed from participants one and two in that there was a marked lip-
incompetency induced upon insertion of the splint. There were marked subjective differences 
between the relaxed-lip and closed-lip images for participant three. With a closed lip position, 
the upper lip lengthened and flattened, opening the nasolabial angle. With relaxed lips, the upper 
lip maintained its curvature, while the lower lip became more curved. The soft-tissue retraction 
measurements were taken with relaxed lip posture; however the closed-lip images were included 
for subjective analysis. 
With relaxed lips, the most retraction was seen by the labrale inferius, which also saw the most 
inferior displacement. This is fitting of an incompetent lower lip that is free to roll downwards 
and backwards. The most retraction of the upper lip occurred centrally, at 3.7mm, however the 
three other upper lip points were measured to have been retracted within 0.5mm of the central 
upper lip. The least amount of retraction was seen by the inferior orbicularis oris at 1.3mm. 
Although on a larger scale, participant three’s soft-tissue retraction pattern resembled that of 
participant one, with the most retraction seen by the labrale inferius, followed by the central 
upper lip, then the lower orbicularis oris. The greater movement of the lower lip was most likely 
due to the lower lip level and lip incompetency, but the higher lower-lip stiffness and tone for 
participant three could be implicated. It was interesting to note that participant two and three 
differed in both the response of the lower lip, and the lower lip stiffness. Participant three had 
more lower lip stiffness and a large amount of lower lip retraction, whereas participant two had 
less lower lip stiffness and very little lower lip retraction. 
3.8 Conclusion 
This is a small-sample proof of concept study that has successfully proposed a novel, non-invasive 
method by which to assess the three-dimensional soft-tissue changes following incisor retraction 
in premolar extraction cases. 
 101 
This study has shown that simplistic criteria for predicting facial changes, particularly of pre-
treatment overjet and of extraction pattern, should not be used to identify patients who have 
true incisor retraction. This has important clinical implications in itself.  
Despite the observed large inter-individual variability in soft-tissue response to incisor retraction 
in each of the three cases, the soft-tissue retraction was less than the incisor retraction. Further 
research is required to confirm these findings and determine what is responsible for this variability. 
Given the difficulty to recruit eligible patients with a significant amount of incisor retraction after 
premolar extractions, a multi-centre study may be needed to investigate a larger sample size. 
Within the limitations of this small study, however, the proposed approach shows promise to 















4 General Discussion 
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The effect of orthodontic extractions on the face has been a contentious issue in orthodontics 
for over a century, with extraction treatment being blamed for creating an ‘orthodontic look’ 
characterised by a ‘dished-in,’ concave appearance. Numerous studies have attempted to quantify 
these effects through the use of lateral cephalometry, with an over-emphasis on profile effects, 
and with varying methodologies precluding definitive conclusions on the topic. The general 
consensus within the literature is that facial changes in response to orthodontic treatment are 
most closely related to sagittal movement of the incisor teeth, a result that does not necessarily 
occur with all extraction treatments. The facial response to incisor retraction in itself is 
unpredictable and variable. The upper and lower lips have been reported to follow upper incisor 
movement in similar amounts but with significant variation, while the lower lip has been reported 
to more closely follow lower incisor movement, again with large variation (Hayashida et al., 2011; 
Hodges et al., 2009; Holdaway, 1983; Kasai, 1998; Konstantonis et al., 2018; Kuhn et al., 2016; 
Mirabella et al., 2008; Omar et al., 2018; Rains & Nanda, 1982; Ramos et al., 2005; Solem et al., 
2013; Waldman, 1982; Yasutomi et al., 2006; Yogosawa, 1990, Alkadhi et al., 2019, Mirabella et 
al., 2012). A clinical reliance on these ratios is flawed in that it incorrectly assumes that the 
tooth:lip relationship is linear, and the same in every patient. This unpredictability and variability 
has been attributed by many authors to be due to variability in interindividual soft-tissue 
biomechanical properties of the lips, although these properties have thus far remained 
unquantified in the orthodontic literature (Ho et al., 1982; Moseling & Woods, 2004; Omar et 
al., 2018; Park & Burstone, 1986). 
The first part of this thesis aimed to quantify the peri-oral soft-tissue properties using 
Myotomometry, a recent advance in soft-tissue assessment that uses the free oscillation, a 
technique based on the assumption that human muscles behave like a damped spring system 
when swinging freely, therefore the pattern of movement can be used to calculate a system’s 
biomechanical properties (Pruyn et al., 2016). This observational study investigated the resting 
tone, dynamic stiffness, and decrement as the inverse of elasticity on a pre-treatment orthodontic 
sample of 83 participants. The biomechanical properties were compared to age, sex, and 
ethnicity, as well as both skeletal and soft-tissue cephalometric measurements. Biomechanical 
properties of lip muscles were remarkably consistent both within and between different recording 
sessions and varied markedly between anatomical site. The lower lip had higher tone and was 
stiffer than the upper lip. Both the upper and lower lip stiffness and tone were higher in females 
than in males, while upper lip elasticity was higher in males. Soft-tissue properties were related 
to age and BMI. Thinner upper lips had higher tone and were stiffer than thicker upper lips, while 
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thinner lower lips were less elastic than thicker lower lips. Muscle tone and stiffness of both the 
upper and lower lips were lower in Class III than in Class I and Class II individuals. The upper lip 
of hyperdivergent individuals was less elastic than that of normodivergent and hypodivergent 
individuals, and stiffer than that of hypodivergent individuals. 
The second part of this thesis aimed to develop a non-invasive method to investigate the 3D 
facial changes following orthodontic treatment involving premolar extractions and incisor 
retraction. This proof of concept study consisting of three participants successfully superimposed 
pre-treatment and post-treatment study casts and fabricated a stent to reconstruct the pre-
treatment overjet. Stereophotogrammetric images of the face with and without the stent in situ 
were superimposed and soft-tissue changes measured. Myotonometric measurements were 
taken and compared to the mean measurements taken from part one to assess whether the soft-
tissue biomechanical properties could explain the magnitude of changes seen. There was 
significant variation within the sample with regard to both pre-treatment characteristics, and 
response to treatment. Despite the inter-individual variation, the amount of lip retraction was 
less than the amount of incisor retraction in all three cases. There was no pattern between soft-
tissue changes and lip properties identified, however, the sample size was too small to draw 
definitive conclusions regarding both the facial effects of simulated incisor retraction, and the role 
of the soft-tissue properties. 
This study has shown that the perioral soft-tissue properties vary with anatomical site, sex, age, 
BMI, and cephalometric measurements. A method for non-invasive assessment of the effect of 
incisor retraction on the face has been successfully carried out. Further research with a larger 
sample size is recommended to determine the role of soft-tissue properties in the facial response 
to incisor retraction. Myotonometry has been shown to be a reliable tool for measuring the 
biomechanical properties of the peri-oral soft tissues and could be used in future longitudinal 
studies to enhance our understanding of the cause-effect relationships between malocclusions, 
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Monday, 19 November 2018. 
Professor Mauro Farella, 




Tēnā Koe Professor Mauro Farella, 
Do Orthodontic Extractions Ruin Faces? 
The Ngāi Tahu Research Consultation Committee (the committee) met on Tuesday, 13 
November 2018 to discuss your research proposition. 
By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. In the 
statement of principles of the memorandum it states ″Ngāi Tahu acknowledges that the 
consultation process outline in this policy provides no power of veto by Ngāi Tahu to research 
undertaken at the University of Otago″. As such, this response is not ″approval″ or ″mandate″ 
for the research, rather it is a mandated response from a Ngāi Tahu appointed committee. This 
process is part of a number of requirements for researchers to undertake and does not cover 
other issues relating to ethics, including methodology they are separate requirements with 
other committees, for example the Human Ethics Committee, etc. 
Within the context of the Policy for Research Consultation with Māori, the Committee base 
consultation on that defined by Justice McGechan: 
″Consultation does not mean negotiation or agreement. It means: setting out a proposal not 
fully decided upon; adequately informing a party about relevant information upon which the 
proposal is based; listening to what the others have to say with an open mind (in that there is 
room to be persuaded against the proposal); undertaking that task in a genuine and not 
cosmetic manner. Reaching a decision that may or may not alter the original proposal.″ 
The Committee considers the research to be of interest to Māori health, although does wish to 
point out that the submission was not expressed in a way that was easily understandable to the 
lay person.  
 
As this study involves human participants, the Committee strongly encourages ethnicity data 
be collected as part of the research project as a right to express their self-identity. That is the 
questions on self-identified ethnicity and descent, these questions are contained in the latest 
census. The Committee also recommends the use of Te Mana Raraunga Brief which gives an 
overview of key Māori Data Sovereignty terms and principles.  
 
The Committee notes that it is intended to take samples of soft tissue from participants.  
 
The Committee suggests researchers consider the Southern District Health Board's Tikaka 
Best Practice document, in particular patient engagement. The document also covers the 





the Southern District Health Board website.  
 
The Committee suggests dissemination of the research findings to Māori health organisations 
regarding this study. 
 
 
We wish you every success in your research and the committee also requests a copy of the 
research findings. 
This letter of suggestion, recommendation and advice is current for an 18 month period from 
Tuesday, 13 November 2018 to 13 May 2020. 
 
 
Nāhaku noa, nā 
Claire Porima 
Office of Māori Development 
Te Whare Wānanga o Otāgo 





6.3 Participant Consent Forms 
6.3.1 Part One Myotonometric Study – Over 16 years old 
 
 
Participant Information Sheet 
 
Study title: Do Orthodontic Extractions Affect Faces? 
Principal 
investigator: 
Name: Mauro Farella 
Department: Orthodontics 





Thank you for showing an interest in this project.  Please read this information sheet carefully. Take 
time to consider and, if you wish, talk with relatives or friends, before deciding whether or not to be 
involved.  
If you decide to participate we thank you.  If you decide not to take part there will be no 
disadvantage to you and we thank you for considering our request.   
What is the aim of this research project? 
Dental extractions are used in orthodontic treatment to create space for dental alignment and to 
camouflage facial disproportion. In recent years, the prevalence of orthodontic extractions has 
dropped significantly. This is due to some belief that extractions can lead to backwards movement of 
teeth and lips, creating unfavourable changes in the facial profile. This belief has so far not been proven 
to be correct or incorrect.  
Our study aims to investigate the extent to which orthodontic extractions influence the facial profile, 
as well as take into account the role played by  lip characteristics. 
We hope that our results will help increase clinicians knowledge on the effect of orthodontic 
extractions, which will help them make informed decisions and provide the best treatment for their 
patients. 
Who is funding this project? 
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This study is funded by the New Zealand Dental Research Foundation. 
Who are we seeking to participate in the project? 
You have been selected to participate in the first part of this research project. We are seeking all 
patients who are yet to receive treatment in the Faculty of Dentistry’s orthodontic department. 
If you participate, what will be required? 
After obtaining your written consent, we will take painless muscle tone readings of the lips at 6 
locations (marked with surgical marker pen) using vibration. This will be done in an orthodontic clinic 
setting and will take approximately 5 minutes. 
Should some of the information collected at these appointments be of unsuitable quality, we may 
require a further appointment with you to re-collect information, although this is not anticipated. 
Remember, participation is voluntary, and there is no disadvantage for choosing not to participate. 
Is there any risk of discomfort or harm from participation? 
The device used to record muscle tone administers a painless vibration to the lips. This will be initially 
be tested on the hand to ensure comfort. 
What specimens, data or information will be collected, and how 
will they be used?  
The lip muscle measurements will be compared  with other participants’ measurements. Your clinical 
information will also be taken into account. This study is one of the first to use this technology to 
measure lip tone. Your measurements will contribute to establishing normal data. Our results will be 
used in a University of Otago Thesis and potentially published in an academic journal or presented at 
conferences. 
The information we collect will be kept for 10 years in accordance with the Faculty of Dentistry’s 
policy on record keeping. After that, it will be destroyed. 
What about anonymity and confidentiality? 
If you would like to view the results, we will be happy to show them to you at your request. 
Participation will remain anonymous, and you will be allocated a participant number. Their name 
and other identifying information will not be used in our research.  
If you agree to participate, can you withdraw later? 




If you have any questions now or in the future, please feel free to contact either: 
Name: Danielle Hodgkinson 





This study has been approved by the University of Otago Human Ethics Committee (Health). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 





Do Orthodontic Extractions Affect Faces? 
Principal Investigator: Professor Mauro Farella (mauro.farella@otago.ac.nz) 
CONSENT FORM FOR PARTICIPANTS 
Following signature and return to the research team this form will be stored in a secure place for ten years. 
Name of participant:…………………………………………………………… 
1. I have read the Information Sheet concerning this study and understand the aims of this 
research project. 
2. I have had sufficient time to talk with other people of my choice about participating in the 
study.   
3. I confirm that I meet the criteria for participation which are explained in the Information 
Sheet. 
4. All my questions about the project have been answered to my satisfaction, and I 
understand that I am free to request further information at any stage.  
5. I know that my participation in the project is entirely voluntary, and that I am free to 
withdraw from the project before its completion November 2020. 
6. I know that as a participant I will be providing information in the form of 
sociodemographic information (age, sex, ethnicity), lip muscle tone readings, and clinical 
information (photos, radiographs, height, weight) 
7. I know that if I feel hesitant or uncomfortable I may decline to participate and may 
withdraw from the project without disadvantage of any kind. 
8. I understand the nature and size of the risks of discomfort or harm which are explained in 
the Information Sheet. 
9. I know that when the project is completed all personal identifying information will be 
removed from the paper records and electronic files which represent the data from the 
project, and that these will be placed in secure storage and kept for at least ten years.  
10. I understand that the results of the project may be published in academic journals, 
presented at conferences, and will be available in the University of Otago Library. I agree 
that any personal identifying information will remain confidential between myself and the 
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researchers during the study, and will not appear in any spoken or written report of the 
study. 
11. I know that no commercial use will be made of the data.  
Signature of patient:  Date: 
   
   
 
Name of person taking consent  Date: 




6.3.2 Part One Myotonometric Study – Under 16 years old 
 
 
Participant Information Sheet For Parents/Guardians of 
Participants Under 16 Years Old 
 
Study title: Do Orthodontic Extractions Affect Faces? 
Principal 
investigator: 
Name: Mauro Farella 
Department: Orthodontics 





Thank you for showing an interest in involving your child in this project.  Please read this information 
sheet carefully. Take time to consider and, if you wish, talk with relatives or friends, before deciding 
whether or not to involve your child.  
If you and your child decide to participate we thank you.  If you and your child decide not to take 
part there will be no disadvantage to you and we thank you for considering our request.   
What is the aim of this research project? 
Dental extractions are used in orthodontic treatment to create space for dental alignment and to 
camouflage facial disproportion. In recent years, the prevalence of orthodontic extractions has 
dropped significantly. This is due to some belief that extractions can lead to backwards movement of 
teeth and lips, creating unfavourable changes in the facial profile. This belief has so far not been proven 
to be correct or incorrect.  
Our study aims to investigate the extent to which orthodontic extractions influence the facial profile, 
as well as take into account the role played by  lip characteristics. 
We hope that our results will help increase clinicians knowledge on the effect of orthodontic 




Who is funding this project? 
This study is funded by the New Zealand Dental Research Foundation. 
Who are we seeking to participate in the project? 
Your child has been selected to participate in the first part of this research project. We are seeking all 
patients who are yet to receive treatment in the Faculty of Dentistry’s orthodontic department. 
If your child participates, what will be required? 
After obtaining your written consent, we will take painless muscle tone readings of the lips at 6 
locations (marked with surgical marker pen) using vibration. This will be done in an orthodontic clinic 
setting and will take approximately 5 minutes. 
Should some of the information collected at these appointments be of unsuitable quality, we may 
require a further appointment with you to re-collect information, although this is not anticipated. 
Remember, participation is voluntary, and there is no disadvantage for choosing not to participate. 
Is there any risk of discomfort or harm from participation? 
The device used to record muscle tone administers a painless vibration to the lips. This will be initially 
be tested on the hand to ensure comfort. 
What specimens, data or information will be collected, and how 
will they be used?  
The lip muscle measurements will be compared  with other participants’ measurements. Your clinical 
information will also be taken into account. This study is one of the first to use this technology to 
measure lip tone. Your measurements will contribute to establishing normal data. Our results will be 
used in a University of Otago Thesis and potentially published in an academic journal or presented at 
conferences. 
The information we collect will be kept for 10 years in accordance with the Faculty of Dentistry’s 
policy on record keeping. After that, it will be destroyed. 
What about anonymity and confidentiality? 
If you would like to view the results, we will be happy to show them to you at your request. 
Participation will remain anonymous, and your child will be allocated a participant number. Their 
name and other identifying information will not be used in our research.  
If you agree to participate, can you withdraw later? 
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You may withdraw your child  from participation in the project before its completion (31st November 
2020).  
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Danielle Hodgkinson 





This study has been approved by the University of Otago Human Ethics Committee (Health). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 





Do Orthodontic Extractions Affect Faces? 
Principal Investigator: Professor Mauro Farella (mauro.farella@otago.ac.nz) 
CONSENT FORM FOR PARENTS/GUARDIANS OF PARTICIPANTS 
Following signature and return to the research team this form will be stored in a secure place for ten years. 
Name of participant:…………………………………………………………… 
Name of parent/guardian:………………………………………………….. 
1. I have read the Information Sheet concerning this study and understand the aims of this 
research project. 
2. I have had sufficient time to talk with other people of my choice about participating in the 
study.   
3. I confirm that I meet the criteria for participation which are explained in the Information 
Sheet. 
4. All my questions about the project have been answered to my satisfaction, and I 
understand that I am free to request further information at any stage.  
5. I know that my participation in the project is entirely voluntary, and that I am free to 
withdraw from the project before its completion November 2020. 
6. I know that as a participant I will be providing information in the form of 
sociodemographic information (age, sex, ethnicity), lip muscle tone readings, and clinical 
information (photos, radiographs, height, weight) 
7. I know that if I feel hesitant or uncomfortable I may decline to participate and may 
withdraw from the project without disadvantage of any kind. 
8. I understand the nature and size of the risks of discomfort or harm which are explained in 
the Information Sheet. 
9. I know that when the project is completed all personal identifying information will be 
removed from the paper records and electronic files which represent the data from the 
project, and that these will be placed in secure storage and kept for at least ten years.  
10. I understand that the results of the project may be published in academic journals, 
presented at conferences, and will be available in the University of Otago Library. I agree 
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that any personal identifying information will remain confidential between myself and the 
researchers during the study, and will not appear in any spoken or written report of the 
study. 
11. I know that no commercial use will be made of the data.  
Signature of parent/guardian:  Date: 
   
   
 
Name of person taking consent  Date: 




6.3.3 Part Two Proof of Concept Study 
 
 
Participant Information Sheet For Parents/Guardians of 
Participants Under 16 Years Old 
 
Study title: Do Orthodontic Extractions Affect Faces? 
Principal 
investigator: 
Name: Mauro Farella 
Department: Orthodontics 





Thank you for showing an interest in involving your child in this project.  Please read this information 
sheet carefully. Take time to consider and, if you wish, talk with relatives or friends, before deciding 
whether or not to involve your child.  
If you and your child decide to participate we thank you.  If you and your child decide not to take 
part there will be no disadvantage to you and we thank you for considering our request.   
What is the aim of this research project? 
Dental extractions are used in orthodontic treatment to create space for dental alignment and to 
camouflage facial disproportion. In recent years, the prevalence of orthodontic extractions has 
dropped significantly. This is due to some belief that extractions can lead to backwards movement of 
teeth and lips, creating unfavourable changes in the facial profile. This belief has so far not been proven 
to be correct or incorrect.  
Our study aims to investigate the extent to which orthodontic extractions influence the facial profile, 
as well as take into account the role played by  lip characteristics. 
We hope that our results will help increase clinicians knowledge on the effect of orthodontic 




Who is funding this project? 
This study is funded by the New Zealand Dental Research Foundation. 
Who are we seeking to participate in the project? 
Your child has been selected to participate because he/she has had orthodontic treatment involving 
dental extraction provided by the University of Otago’s Faculty of Dentistry. Your child’s baseline 
indication shows that he/she has received orthodontic extraction to correct an increased overjet 
(upper teeth sitting too far forwards of the lower teeth). 
If your child participates, what will be required? 
After obtaining your written consent, we will take a digital scan of your child’s dental models taken 
before he/she started their orthodontic treatment. We will also take a digital scan of the upper and 
lower teeth. This will be done in an orthodontic clinic setting and will take approximately 30 minutes. 
We will use the scan of the old dental model and the new scan of the teeth to fabricate a custom 
stent (like a mouth-guard). 
We will then arrange an appointment where we take painless muscle tone readings of the lips using 
vibration, as well as 3D facial scans with and without the stent in place. This will take approximately 
45 minutes. 
Should some of the information collected at these appointments be of unsuitable quality, we may 
require a further appointment with you to re-collect information, although this is not anticipated. 
Remember, participation is voluntary, and there is no disadvantage for choosing not to participate. 
If you do choose to participate, we acknowledge that your time  is important, and will provide a $10 
supermarket voucher as a small token of our appreciation of your participation. 
Is there any risk of discomfort or harm from participation? 
The custom stent that we will ask you to wear for a short time during your second appointment will 
be tested for comfort and stability, however it can be adjusted to your child’s comfort level within 
reason. 
What specimens, data or information will be collected, and how 
will they be used?  
The facial scans and lip readings while wearing the stent will be compared to the readings while not 
wearing the stent, and the difference will be measured. Our results will be used in a University of 
Otago Thesis and potentially published in an academic journal or presented at conferences. 
The information we collect will be kept for 10 years in accordance with the Faculty of Dentistry’s 
policy on record keeping. After that, it will be destroyed. 
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What about anonymity and confidentiality? 
If you would like to view the scans/results, we will be happy to show them to you at your request. 
Participation will remain anonymous, and your child will be allocated a participant number. Their 
name will not be used in our research. The facial and dental scans will be analysed by an expert in 3D 
modelling. This expert will not know the name. Due to the use of facial scans, a degree of facial 
recognition may be possible. We aim to minimise this through the use of a black bar concealing the 
eyes.   
If you agree to participate, can you withdraw later? 
You may withdraw your child  from participation in the project before its completion (31st November 
2020).  
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Name: Danielle Hodgkinson 





This study has been approved by the University of Otago Human Ethics Committee (Health). If you 
have any concerns about the ethical conduct of the research you may contact the Committee through 
the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 
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Following signature and return to the research team this form will be stored in a secure place for ten years. 
Name of participant:…………………………………………………………… 
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1. I have read the Information Sheet concerning this study and understand the aims of this 
research project. 
2. I have had sufficient time to talk with other people of my choice about participating in the 
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project, and that these will be placed in secure storage and kept for at least ten years.  
10. I understand that the results of the project may be published in academic journals, 
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that any personal identifying information will remain confidential between myself and the 
researchers during the study, and will not appear in any spoken or written report of the 
study. 
11. I know that no commercial use will be made of the data.  
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Incisor retraction can be defined as posterior translation, tip-
ping, or a combination of both, of the incisor teeth. Non-
surgical camouflage of Class II or Class III dental or skeletal 
relationships, especially when accompanied by a protrusive 
dentition, often relies on retraction of either upper or lower 
incisors to achieve an acceptable overjet (Wholley and 
Woods, 2003). Historically, maximum upper and/or lower 
incisal retraction was often a desirable result of orthodontics, 
with treatment modalities focusing on maximum posterior 
anchorage to obtain specific occlusal goals, paying little 
attention to the overall facial aesthetic (Tweed, 1936). In 
recent decades, the paradigm shift toward soft-tissue treat-
ment planning has increased the focus on the facial aesthetic 
results of treatment. Criticism that orthodontic treatment 
relying on excessive incisor retraction creates a ‘dished-in’ 
profile has fostered a general wariness toward incisal retrac-
tion among both general and orthodontic practitioners alike 
(Ackerman et al., 1999; Sarver and Ackerman, 2000). The 
soft-tissue paradigm shift has placed priority on the soft-tis-
sue treatment result over the hard-tissue result, and it is now 
inadequate to correct the occlusion without giving thought to 
how this may affect the face (Ackerman et al., 1999; Sarver 
and Ackerman, 2000; Yogosawa, 1990). This creates a 
dilemma when the dentition indicates a certain form of treat-
ment, but the face does not (Staggers, 1990). It has been sug-
gested that if occlusal correction is likely to negatively affect 
soft-tissues, then surgical correction should be considered, 
however surgical options may not be readily accepted by 
patients (Arnett and Bergman, 1993).
There is a general consensus in the literature that incisor 
retraction is correlated to soft-tissue changes, and therefore 
has the potential to alter facial aesthetics (Drobocky and 
Smith, 1989; Konstantonis et al., 2018; Kuhn et al., 2016; 
Talass et al., 1987). The majority of the literature available, 
however, is mostly based on retrospective cephalometric 
studies of varying methodological quality and with multi-
ple patient outcomes. Due to heterogenous and somewhat 
conflicting findings, it is therefore difficult to come to 
definitive, clinically-relevant conclusions on the effect on 
incisor retraction.
Changes with growth
Craniofacial growth and remodelling of facial bones are 
accompanied with facial soft-tissue changes (Ricketts, 
1960). During adolescence, the nose becomes longer and 
the lips more retrusive, longer and thicker. Although these 
changes have been supported by several studies, they are 
often minimal, with linear changes less than 2 mm and 
angular changes less than 5° (Hodges et al., 2009; Ricketts, 
1960; Talass et al., 1987). Total facial convexity (measured 
as the angle of soft tissue glabella, pronasale and soft-tissue 
pogonion) has been shown to increase until late adulthood, 
Effect of incisor retraction on facial 
aesthetics
Danielle Hodgkinson, Fiona A Firth  and Mauro Farella
Abstract
Incisor retraction may result in lip retraction, interlabial gap closure and increase of the nasolabial angle but a clear 
consensus on the effect of incisor retraction on facial aesthetics has not yet been achieved. Despite current evidence 
being weak, it seems to indicate that in a well-managed orthodontic case, with or without extractions, the soft-tissue and 
facial aesthetic changes are generally favourable or clinically insignificant.
Keywords
Review, incisor retraction, profile change
Date received: 27 December 2018; accepted: 3 March 2019
Sir John Walsh Research Institute, University of Otago, Dunedin, New 
Zealand
Corresponding author:
Fiona A. Firth, Discipline of Orthodontics, Sir John Walsh Research 
Institute, University of Otago, PO Box 56, Dunedin, 9054, New Zealand. 
Email: fiona.firth@otago.ac.nz




50  Journal of Orthodontics 46(S1)
when, due to the growth of the nose tip and soft-tissue 
pogonion, it decreases (Bishara et al., 1998). Facial con-
vexity, excluding the nose (measured as the angle of soft 
tissue glabella, superior labial sulcus and soft-tissue pogo-
nion), increases until early adulthood, before decreasing 
from the age of 25 years (Bishara et al., 1998). The rate and 
timing of growth and ageing vary both between individuals 
and ethnic backgrounds.
Changes with tooth retraction: 
sagittal plane
There have been numerous attempts to calculate the rela-
tionship between hard- and soft-tissue changes, with the 
hope of devising ratios to guide treatment planning. Almost 
all studies concur that there is a correlation between incisor 
retraction and lip retraction, which has been supported by 
meta-analysis (Konstantonis et al., 2018; Kuhn et al., 2016; 
Talass et al., 1987). According to meta-analysis findings, 
the upper lip is expected to retract 0.7 mm for every 1 mm 
of upper incisor retraction, ranging from 0.3 mm to 1 mm 
between studies (Hayashida et al., 2011; Hodges et al., 
2009; Holdaway, 1983; Kasai, 1998; Konstantonis et al., 
2018; Kuhn et al., 2016; Mirabella et al., 2008; Omar et al., 
2018; Rains and Nanda, 1982; Ramos et al., 2005; Solem 
et al., 2013; Waldman, 1982; Yogosawa, 1990). The lower 
lip is also reported to retract 0.7 mm for every 1 mm of 
upper incisor retraction, ranging from 0.01 mm to 1.39 mm 
(Hayashida et al., 2011; Konstantonis et al., 2018; Mirabella 
et al., 2012; Omar et al., 2018; Yogosawa, 1990). For every 
millimetre of lower incisor retraction, lower lip retraction 
ranges from 0.8 mm to 1.3 mm (Hodges et al., 2009; Kasai, 
1998; Solem et al., 2013).
A clinical reliance on ratios is based on the simplified 
assumption that the soft-tissue to hard-tissue ratio is linear 
and that an increased amount of incisor retraction corre-
sponds to an increased amount of soft-tissue retraction. 
However, there is unlikely to be a linear, predictable rela-
tionship, as even cases treated to the same hard-tissue 
standard result in a wide variety of facial changes (Park and 
Burstone, 1986). It has been proposed that the correlation 
between hard- and soft-tissues progressively decreases 
with increasing hard-tissue retraction, although this has not 
been investigated further (Talass et al., 1987; Wisth, 1974).
Changes with tooth retraction: 
vertical plane
Despite a focus on the sagittal dimension, incisal retraction 
also affects the soft-tissues in the vertical plane. Retraction 
of the incisors tends to decrease the interlabial gap (Jacobs, 
1978; Kasai, 1998; Talass et al., 1987). An investigation of 
the vertical effects of maxillary incisor retraction concluded 
that for every 1 mm of maxillary incisor retraction without 
intrusion or extrusion, there was a 0.5 mm reduction in the 
interlabial gap (Jacobs, 1978). The mechanism by which 
this occurs is unclear, with some studies concluding that the 
change is primarily due to a lengthening of the lower lip, 
and others stating that interlabial gap reduction is due to 
inferior movement of the upper lip (Kasai, 1998; Talass 
et al., 1987). Regardless, there is an agreement that if the 
lips are retracted, there is lengthening of one or both lips, 
causing a minor increase in the soft-tissue lower facial 
height (Talass et al., 1987).
Incisor retraction affects the relative vertical position of 
the incisors by producing relative extrusion, increasing the 
amount of incisor display on smiling (Sarver and Ackerman, 
2003). This can have a dramatic effect on smile aesthetics, 
and care should be taken when retracting incisors in patients 
with vertical maxillary excess. While retraction of the teeth 
and lips affects the vertical plane, the converse is also true 
in that the vertical dimension affects the soft-tissue response 
to hard-tissue retraction. More lip lengthening is noted in 
patients with a longer facial type and with longer lips, a 
greater increase in the nasolabial angle is noted in dolicho-
facial patients, and more lip retraction occurs in cases with 
bite opening (Kuhn et al., 2016; Rains and Nanda, 1982; 
Talass et al., 1987).
Nasolabial angle changes
The nasolabial angle is the angle created at the intersection 
of subnasale and columella and therefore is affected by 
changes in the anteroposterior position and angulation of 
the lip. There is a general consensus that incisor retraction 
indirectly increases the nasolabial angle by affecting the 
upper lip, which is supported by meta-analysis (Drobocky 
and Smith, 1989; Konstantonis et al., 2018; Lo and Hunter, 
1982; Ramos et al., 2005; Talass et al., 1987). As this is not 
a direct response, defining a linear relationship by which to 
predict changes is impossible due to variables including lip 
thickness, lip curve depth and lower facial height (Tadic 
and Woods, 2007). Attempts at defining an estimated rela-
tionship between upper incisor retraction and nasolabial 
angle have ranged from an increase in the nasolabial angle 
of 1.6° for every millimetre of incisal retraction, to no rela-
tionship at all (Konstantonis et al., 2018; Waldman, 1982). 
Care must be taken to maintain the nasolabial angle within 
10° of 100°, as subjective studies of layperson preferences 
have found that an overly obtuse or acute nasolabial angle 
is not considered to be aesthetic (Armijo et al., 2012; Sinno 
et al., 2014).
Individual characteristics
The variability of reported changes is not only attributed to 
methodology and study design, but also to patient age, sex, 
ethnicity, soft-tissue thickness, muscular activity, treatment 
modality, lip tonicity, malocclusion, lip length and interla-
bial gap (Brock et al., 2005; Drobocky and Smith, 1989; 
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Hayashida et al., 2011; Hodges et al., 2009; Holdaway, 
1983; Kasai, 1998; Mirabella et al., 2008; Oliver, 1982; 
Rains and Nanda, 1982; Solem et al., 2013; Staggers, 1990; 
Wholley and Woods, 2003; Wholley and Woods, 2004). 
The upper lip is less sensitive and less predictable than the 
lower lip in terms of its response to incisor retraction 
(Hodges et al., 2009; Kasai, 1998; Moseling and Woods, 
2004; Solem et al., 2013; Talass et al., 1987). This is pos-
sibly due to the complex anatomy and structural support of 
the upper lip, compared to the lower lip, which relies heav-
ily on the lower incisors for support (Kasai, 1998). Thinner 
lips will follow incisor retraction more closely than thicker 
lips, which, if very thick, may not change position (Brock 
et al., 2005; Holdaway, 1983; Kuhn et al., 2016; Oliver, 
1982; Talass et al., 1987). Lips with a pre-existing increased 
curve tend to tolerate more retraction, as the curves tend to 
flatten with retraction, except in thicker lips which tend to 
curl more as the underlying hard-tissue support moves pos-
teriorly (Arnett and Bergman, 1993; Moseling and Woods, 
2004; Ricketts, 1960; Tadic and Woods, 2007; Wholley and 
Woods, 2003; Wholley and Woods, 2004). Strained or 
tapered lips have been shown to be more sensitive to incisal 
retraction than lax, redundant lips, however it has also been 
suggested that due to the overall tendency for lips to thicken 
with retraction, a strained lip may not follow incisal move-
ment until the taper has thickened sufficiently (Holdaway, 
1983; Konstantonis et al., 2018; Kuhn et al., 2016; Oliver, 
1982; Talass et al., 1987). Relieving lip strain will also 
increase the soft-tissue thickness over the chin due to the 
reduction in vertical stretch (Ricketts, 1960). The age of the 
patient will also affect the ratio, with adult lips following 
incisor retraction more closely than adolescent lips (Hodges 
et al., 2009; Holdaway, 1983). Many studies have con-
cluded that the reason for the unpredictable, non-linear 
nature of the soft-tissue to hard-tissue relationship is the 
inherent soft-tissue properties of the lip, but further research 
is required to test this hypothesis.
Incisor retraction with different 
treatment modalities
The desire to determine strategies to minimise incisor 
retraction has led to the concept of differential anchorage 
with differing extraction patterns. If greater posterior root 
surface allows greater posterior anchorage and more ante-
rior retraction, theoretically decreasing posterior anchorage 
by extracting further posteriorly decreases the risk of over-
retraction of the incisors (Williams and Hosila, 1976). This 
may be a traditional and over-simplified theory, with no 
high-quality evidence, however anecdotally it appears to 
hold some validity (Steyn et al., 1997). It has been accepted 
by means of retrospective cephalometric studies that there 
is more retraction potential with the extraction of first pre-
molars, followed by second premolars, then first molars 
(Ong and Woods, 2001; Shearn and Woods, 2000; Williams 
and Hosila, 1976). Although a statistically significant dif-
ference in the amount of incisor retraction between first and 
second premolar extraction has been identified in a review, 
this difference is of no clinical significance (Wholley and 
Woods, 2004). The placement of temporary anchorage 
devices (TADs) with any extraction pattern increases the 
amount of anchorage and therefore potential for incisor 
retraction, with more anchorage for retraction provided by 
buccal TADs over palatal TADs (Solem et al., 2013).
The amount of retraction possible is less due to a par-
ticular treatment modality and more due to patient factors 
such as the amount of crowding, missing teeth, overjet, 
incisor angulation, bony contour and compliance (Geron 
et al., 2003; Kuhn et al., 2016; Talass et al., 1987; Wholley 
and Woods, 2004). In particular, resolution of crowding 
will utilise extraction space, leaving only a portion availa-
ble for retraction (Geron et al., 2003; Ong and Woods, 
2001; Shearn and Woods, 2000; Wholley and Woods, 
2004). The amount of retraction is also related to the man-
agement of extraction spaces by the practitioner, biome-
chanics and patient cooperation (Geron et al., 2003; Tadic 
and Woods, 2007). The decision to extract mandibular teeth 
will also affect the amount of upper incisor retraction pos-
sible, as the amount of upper incisor retraction is limited by 
the lower incisor position (Bokas and Collett, 2006). It 
must be noted that the amount of incisor retraction varies 
regardless of whether teeth are extracted or not, and it is 
possible to obtain very minimal retraction with any combi-
nation of extractions, and conversely to retract incisors sig-
nificantly in non-extraction cases (Moseling and Woods, 
2004; Wholley and Woods, 2004; Williams and Hosila, 
1976). The potential of incisor retraction to alter facial aes-
thetics has led to statements that incisal retraction should 
only be considered in cases with true bimaxillary protru-
sion and never to camouflage mandibular retrusion (Arnett 
and Bergman, 1993). This can ultimately result in an 
increased propensity by some clinicians towards surgery in 
borderline cases.
Facial aesthetics: layperson 
assessment
Individual preferences among laypeople and practition-
ers vary so greatly that it is difficult to define generalised 
aesthetic goals (Bokas and Collett, 2006; Stephens et al., 
2005). Although a balanced profile does somewhat 
improve the overall perception of attractiveness, the ease 
of assessment and measurement on lateral cephalograms 
has led to an over-emphasis on soft-tissue profile changes, 
when it is the frontal aesthetics that the patient will notice 
most (Spyropoulos and Halazonetis, 2001). The majority 
of subjective studies on aesthetics have compared the 
effects of non-extraction cases to premolar extraction 
cases, so it is difficult to attribute facial preferences that 
are directly related to incisor position. What these studies 
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have shown is that despite cases treated with extraction 
(and likely incisor retraction) appearing approximately 2 
mm flatter, there were no preferences between orthodon-
tists or laypeople, and some results even indicate that 
both dentists and laypeople tended to prefer the flatter 
profiles to more protrusive ones (Bishara and Jakobsen, 
1997; Bowman and Johnston, 2000; Paquette et al., 1992; 
Stephens et al., 2005). It has also been acknowledged that 
extractions, especially in cases with dental protrusion, 
can improve the facial profile (Bowman and Johnston, 
2000). Regardless, most study participants agreed that 
post-treatment profiles were preferable to the pre-treat-
ment profiles, refuting the notion that all treatment with 
extractions negatively affect faces (Bishara and Jakobsen, 
1997).
Conclusions
Practitioners should be aware that the most likely changes 
associated with incisor retraction are lip retraction, interla-
bial gap closure and increase of the nasolabial angle. Ratios 
to predict these changes are unreliable, but may be used as 
a guide. It is important to note that soft-tissue changes do 
not only occur in the mid-sagittal plane, but in all three 
dimensions. Aesthetic outcomes of treatment are more 
likely to result from individual soft-tissue characteristics, 
such as viscoelastic properties of the lip and muscle tone, 
than from a particular treatment modality, however more 
research is needed to confirm this hypothesis. It is impor-
tant to recognise that with or without orthodontic treatment, 
the face undergoes a degree of flattening during the ageing 
process due to differential growth of the nose and chin. In a 
well-managed case, with or without extractions, the soft-
tissue changes should be favourable or clinically 
insignificant.
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6.6 Pre-treatment Clinical Records and Cephalometric 
Superimposition 
6.6.1 Participant One 
 













Figure 6.2 Participant One - Pre-treatment lateral cephalometric tracing 
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6.6.2 Participant Two 
 
Figure 6.3  Participant Two – Pre-treatment photographs 
 
Figure 6.4  Participant Two - Pre-treatment lateral cepahlometric tracing 
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6.6.3 Participant Three 
 
Figure 6.5  Participant Three – Pre-treatment photographs 
 
Figure 6.6  Participant Three - Pre-treatment lateral cephalometric tracing 
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